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Win With Wisdom 


> We must join together. 
Federation is essential to betterment in all 


human affairs. 

Recluses, without communication with other 
minds, make no advancement and no contri- 
bution. 


> Each one who federates for mutual benefit must pay 
his proportionate share of the costs. 


Those who share in the benefits and not in the 
costs of a federation are not wise, for the 
benefits to be derived are proportionate to 
the means made available to the federation. 


>» THE AMERICAN CERAMIC SOCIETY is a federa- 
tion to promote ceramic art, science, and 
technology. 


> It pays each corporation to support this federation as 
Corporation Members at $25.00 per year. 


> Individuals engaged in ceramics profit greatly by per- 
sonal membership at $10.00 per year. 
Present members will profit even further from 
increases in the number of memberships secured. 


> This profit is increased wisdom—without which neither 
corporations nor persons can win. 


The American Ceramic Society 
2525 North High St. Columbus, Ohio 


RELATION BETWEEN UNCOMBINED QUARTZ AND THERMAL 
EXPANSION OF CERAMIC BODIES* 


By W. R. MorGan 


ABSTRACT 


The percentage by volume of uncombined quartz in each 
of fifteen commercial shale and fireclay bodies was deter- 
mined by the intercept method by means of a petrographic 
microscope and a Wentworth screw-micrometer. 

The thermal expansion of the same bodies fired com- 
mercially was determined from atmospheric temperature to 
1000°C by measurement of the expansion as indicated by a 
1/,0,000-inch Ames dial when the 9-inch specimen was heated 
in an electric resistance furnace. 

Photomicrographs of two bodies are given, showing the 
grain size and distribution of the quartz; expansion curves 
are also given, showing high cristobalite expansion for the 
body containing a low percentage of uncombined quartz, 
and low cristobalite expansion for the body containing a 
high percentage of uncombined quartz. 

Cristobalite began to form by dissociation of the clay 
minerals at about cone 5 (approximately 1200°C). For 
bodies fired from cones 5 to 7, the expansion at 260°C, indi- 
cating the presence or absence of cristobalite, was inversely 
proportional to the percentage of uncombined quartz in 
the body. The expansion from 565 to 620°C was directly 
proportional to the percentage of uncombined quartz in the 
body. 


I. Introduction 


Inflections in the expansion curves of clay 
bodies at temperatures corresponding approxi- 
mately to high-low inversion temperatures of 
cristobalite (200 to 275°C) and quartz (573°C) 
are customarily attributed to the presence of these 
substances.' Tridymite may also be expected 
to have such an effect at its inversion temperatures 
(117°C and 163°C) but the inflection is of a lower 
order of magnitude and less definite than those 
associated with cristobalite and quartz. 


* Presented at the Annual Meeting, AMERICAN Cr- 
RAMIc Society, Cincinnati, Ohio, February, 1934 (Refrac- 
tories Division). Received December 16, 1933. 

1(a) T. N. McVay and C. L. Thompson, “Effect of 
Heat on China Clays,”” Jour. Amer. Ceram. Soc., 11 [11], 
829-41 (1928). 

(6) A. E. R. Westman, ‘“‘The Thermal Expansion of Fire- 
clay Brick,” Univ. of Ill. Eng. Expt. Station Bull., No. 181, 
1928. 

(c) R. A. Heindl and W. L. Pendergast, ‘‘Progress Report 
on Investigation of Fireclay Brick and Clays Used in 
Their Preparation,” Jour. Amer. Ceram. Soc., 12 [10], 640- 
75 (1929). 

(d) R. A. Heindl and W. L. Pendergast, “Fireclays: 
Some Fundamental Properties at Several Temperatures,”’ 
ibid., 13 [10], 725-50 (1930). 

(e) R. A. Heindl, W. L. Pendergast, and L. E. Mong, 
“Kaolins; Effect of Firing Temperatures on Some of Their 
Physical Properties,” Bur. Stand. Jour. Research, 8, 199- 
215 (1932). 


117 


The temperature conditions under which the 
various modifications of silica are formed from 
each other and under which they are stable have 
been thoroughly discussed by Sosman* and are 
now well established. An additional source of 
cristobalite in clays, other than inversion of quartz 
initially present as such, was established by Mc- 
Vay and Thompson” in their study of the effect 
of heat on china clays by X-ray methods. They 
found that cristobalite was present in washed 
Georgia kaolin when fired to 1225°C and above, 
and was present in small amounts in A-1 English 
china clay when fired to 1250°C and 1275°C. 
The inflection in the expansion curves at approxi- 
mately 200°C was attributed to the cristobalite 
which was formed by the dissociation of the kao- 
linite molecule and not from quartz originally 
present in the clay. The inflection due to cristo- 
balite disappeared in the English china clay be- 
cause of solution of the cristobalite promoted by 
the higher flux content of the English china clay. 
The inflection in the expansion curve due to 
cristobalite in the purer Georgia kaolin was made 
to disappear by the addition of fluxes. 

This possible source of cristobalite was also 
suggested by Westman” shortly after the work of 
McVay and Thompson was submitted for pub- 
lication. 

The results obtained by McVay and Thompson 
were later verified by Heindl, Pendergast, and 
Mong." 

The formation of cristobalite by dissociation 
of the clay minerals then seems to be definitely 
established and it may, therefore, be expected 
that under proper firing conditions cristobalite 
will be formed irrespective of the presence of un- 
combined silica in a body. Fenner’s work, re- 
viewed by Sosman,* indicated that very little 
inversion of quartz to cristobalite occurred at 
1250°C and that the inversion was only about 
two-thirds complete after ninety hours at 1360°C. 
Apparently cristobalite forms more readily by 
dissociation of clay minerals than by inversion 
from quartz so that for a large group of commer- 
cial products cristobalite may be expected to 


* R. B. Sosman, Properties of Silica. 
Co., 1927. 
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form by dissociation of clay minerals in sufficiently 
large amounts to affect the expansion of the bodies 
noticeably. While it is possible that some tridy- 
mite may be formed, it is not probable that the 
amount will be large and, furthermore, the effect 
on expansion would be small compared to that of 
cristobalite both because of the small amount of 
tridymite present and because of its low expan- 
sion. 

The two forms of silica, then, which may be ex- 
pected to have the greatest effect on the expan- 
sion of clay bodies fired at temperatures below 
which quartz inverts rapidly to cristobalite are 
quartz, initially present in the body, and cristo- 
balite, formed by the dissociation of the clay 
minerals. 


II. Purpose of the Present Study 


The study of the effect of the various forms of 
silica on the expansion characteristics of clays has 
previously been confined to relatively pure ma- 
terials. It is the purpose of the present study to 
investigate the effect of the various forms of silica 
on the expansion of less pure clays, such as shales 
and low-grade fire clays used in the manufacture 
of heavy clay products. Such information should 
be of value in firing, cooling, and, in some cases, 
in the use of the product. 


III. Scope of the Work 


The fifteen bodies studied were supplied by 
fifteen companies located in nine different states 
and are typical of the shale and low-grade fire- 
clay bodies used in the manufacture of heavy clay 
products. 

The experimental work was confined to the de- 
termination of the relation between expansions 
of the bodies and the percentages of uncombined 
quartz which they contained. 


IV. Forms of Silica and Relation to Expansion 


The properties of silica in its various forms are 
so well known that it will be sufficient for the 
present purpose to recall that the forms of silica 
of primary importance are quartz, tridymite, and 
cristobalite and their high-low modifications. 
Each form has a characteristic expansion, a 
part of which is the sudden expansion at the high- 
low inversion temperatures which are as follows: 
low quartz to high quartz, 573°C; low tridymite 
to high tridymite, 117 to 163°C; and low cristo- 
balite to high cristobalite, 200 to 275°C. 
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Expansion curves according to Le Chatelier® 
are given in Fig. 1 for quartz, tridymite, and cris- 
tobalite. 

Theoretically, the expansion of a body near the 
inversion temperature of quartz (573°C) should 
be approximately proportional to the percentage 
of uncombined quartz in the body, other factors 


_| 
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8 0 i i i 
So 200 400 600 800 000 
Temperature °C 
Fic. 1.—LeChatelier’s curves. 

being equal. Furthermore, since cristobalite is 


formed by dissociation of the clay minerals, it 
would be expected that when clay bodies are 
fired to temperatures below which quartz inverts 
rapidly to cristobalite, expansion due to cristo- 
balite formed, therefore, by dissociation of clay 
minerals would be related to the amount of clay 
minerals in the body or would be inversely pro- 
portional (in a sense) to the amount of uncom- 
bined quartz, since the latter may be considered 
to be the chief “impurity.” 


V. Procedure 


The thermal expansion of each body was de- 
termined by means of thermal-expansion equip- 
ment devised by Westman.” Essentially, the 
apparatus consisted of an electric furnace con- 
trolled by a rheostat and wattmeter in which the 
specimen of fired clay was 1aounted in a vertical 
position between two end-pieces. The lower end- 
piece rested on a water-cooled frame while the 
upper end-piece rested on the upper end of the 
specimen. An Ames dial, graduated in ten- 
thousandths of an inch, was clamped to the water- 
cooled frame above the upper end-piece with the 
spindle in contact with the end-piece. 

The bottom end-piece and the dial were kept in 
fixed positions by the water-cooled frame, and any 
movement of the dial indicated the expansion or 
contraction of the specimen and end-pieces. 
Since the expansion of the end-pieces was known, 
the expansion of the sample was obtained simply 


3 H. Le Chatelier, La Silice et les Silicates. A. Hermann 


& Fils, Paris, 1914. 
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UNCOMBINED QUARTZ AND THERMAL EXPANSION OF BODIES 


by subtracting the expansion of the end-pieces at 
each temperature from the total expansion indi- 
cated by the dial reading. 

The temperature of the specimen was deter- 
mined by means of three thermocouples attached 
directly to it. 

The expansions were determined through the 
range from atmospheric temperature to 1000°C 
(1810°F). 


VI. Per Cent Uncombined Quartz 


In conjunction with the thermal expansion 
tests, thin sections (0.03 mm.) of each body were 
made and the per cent of uncombined quartz was 
determined by the intercept method with a petro- 
graphic microscope and a Wentworth screw- 


micrometer. In addition, photomicrographs 
TABLE I 
Per Cent Expansion 

Un- Num- 

com- ber 566— 

bined Prob- of 621°C Fired 
Body quartz able trav- 260°C (1050- 1000°C to 
No. (%) error erses (500°F) 1150°F) (1810°F) cone 
6 26.7 +0.5 6 0.110 0.090 0.550 3 
25.5. 8 0.070 0.090 0.440 06 
12 26.6 0.2 6 0.125 0.100 0.560 Ol 
13 12.3 0.5 9 0.115 0.045 0.480 04 
17 12.4 0.4 10 0.095 0.070 0.510 02 
18 §.1 0.3 6 0.250 0.045 0.660 5 
20 Ze 0.4 6 0.265 0.060 0.670 7 
21 14.0 0.3 6 0.130 0.095 0.570 4 
27 12.6 0.1 6 0.110 0.080 0.520 3 
32 7.6 0.1 8 0.130 0.055 0.570 3-4 
33 14.5 0.2 6 0.245 0.075 0.670 4 
37 9.6 0.8 12 0.170 0.075 0.610 6 
41 15.3 0.3 9 0.070 0.070 0.4380 4 
42 33.0 0.4 10 0.140 0.085 0.540 5 
72 15.8 0.6 6 0.115 0.050 0.530 5 


(magnification 82 diameters) of each body were 
made for a comparison of the size and distribution 
of quartz grains. 


VII. Accuracy of Measurements 


The 9-inch expansion specimens were measured 
to 0.01 inch or about 0.1%. The Ames dial was 
accurate to about + 2 divisions or an accuracy in 
the measurement of expansion at 1000°C of 
from 2 to 5%, depending on the expansion of the 
specimen. 

In the determination of uncombined quartz, 
a sufficient number of traverses was made to re- 
duce the probable error of the mean to less than 
1%. The probable error varied then from 1 to 
4% and ran as high as 10% in a few cases in which 
the per cent of uncombined quartz was excep- 
tionally low. 


119 


Temperature measurements were read to about 
1°C and the heating schedule for the furnace 
was such that the temperatures of the three couples 
did not differ by more than 10°C. 


The results of the thermal expansion and un- 
combined quartz determinations are given in 


| | | 


Results 


Linear expansion (%) 


7] 200 400 600 800 ‘000 
Temperature °C 
Fic. 2.—Thermal expansion of bodies containing high 
and low percentages of uncombined quartz. 


Table I. The total expansion at 1000°C varied 
from 0.43 to 0.67% with an average, for all bodies 
tested, of 0.554%. A typical expansion curve 


Fic. 3.—Body No. 6 (X 82 diam.). 


High uncombined 
quartz, low cristobalite expansion. 


for a high quartz body showing slight cristobalite 
expansion, and a typical curve for a low quartz 
body showing high cristobalite expansion are 
given in Fig. 2. Photomicrographs of the two 


Body No 20 
(Low quartz) 
Body Noé 
uncambined quartz) 
| é. 
| 
> 
| 
{ 
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bodies are shown in Figs. 3 and 3a for a compari- 
son of the size and distribution of quartz grains. 
The firing temperatures for all bodies tested 
vary from cones 06 to 7. 
When expansion at 260°C (500°F) is plotted 
against firing temperature (Fig. 4), it is evident 


Fic. 3a.—Body No. 20 (X 82 diam.). Low uncom- 
bined quartz, high cristobalite expansion. 


that firing temperature does not begin to increase 
the expansion by formation of cristobalite until 
about cone 5 (1205°C) is reached. 

Examination under the microscope failed to 
show any evidence of inversion of the quartz 
grains to cristobalite. 

Therefore, when the expansion at 260°C 
(500°F) of the bodies fired to cone 5 and above 
is plotted against 


ae 23 T . 

> -» the reciprocal of 
|_| the percentage 
| of uncombined 
| quartz in the body 
(Fig. 5), an ap- 
§ | proximately linear 
Cone 06 1 3 5 7 9 relationship is ob- 


Firing treatment, Cones 


Fro. 4 tained, indicating 


that when bodies 
are fired at a temperature high enough to dissociate 
the clay minerals and form cristobalite, the ex- 
pansion at 260°C (500°F) is inversely proportional 
to the percentage of uncombined quartz in the 
body. 
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This is also shown in Fig. 6 in which per cent 
uncombined quartz is plotted against expansion 
at 260°C (500°F). An average curve for the 
bodies fired at cone 5 and above is shown and it 
will be noted that the expansions of nearly all 
other bodies lie below 


07 

the curve, #.e., the ex- D> 
pansions for bodies 8 ai 
fired below cone 5 are J | 
less than for those %_ Vo | 
fired at cone 5 and §°' | | ] 
above. | 

In Fig. 7 the expan- 
sion between 565°C of 


and 620°C (1050°F 
and 1150°F) is plotted against the percentage 
of uncombined quartz, showing that expansion 
in this temperature range increases as the per- 
centage of uncombined quartz increases as would 
be expected. 


IX. Summary and Conclusions 


Thermal expansion, at 260°C, of the bodies 
studied is practically independent of firing tem- 
perature from 


ye 

cones 06 to 5, 

increasing slightly 

8 | but remaining 

3 i | | | at 0.1%. 

Gd? 
0 10 20 a) under the micro- 
Uncombined quartz % . 
Fic. 6. scope failed to 


show any evidence 
of inversion of the quartz grains to cristobalite. 
Nevertheless at about cone 5 cristobalite begins 
to be formed, presumably by dissociation of clay 
minerals; thus the expansion, at 260°C, of a body 
fired at a given . 


de 
temperature ator 
above cone 5, but & 

008 }— 
tures at which [ 

quartz inverts § BE | 
readily to cristo- 5 ae 
balite (probably 20 50 40 
cones 10 to 12) “ quarts 
Fic. 7. 


may be expected 
to be inversely proportional to the percentage of 
uncombined quartz in the body. 

Therefore, bodies fired above cone 5, but below 
temperatures at which quartz inverts rapidly to 


t 
| 

& 
7 
q 
4 
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cristobalite (probably cones 10 to 12), may be ex- 
pected to become more difficult to cool in the 
region of cristobalite inversion, 200 to 275°C 
(392 to 527°F), as the percentage of uncombined 
quartz in the body decreases. 

The expansion between 565°C and 620°C 
(1050°F and 1150°F) is roughly directly propor- 
tional to the percentage of uncombined quartz 
in the body. 

Therefore, bodies of the types studied may be 
expected to become more difficult to fire and cool 
in the region of the quartz inversion, 573°C 
(1063°F), as the percentage of uncombined quartz 
in the body increases. 

It seems probable that, since cristobalite ex- 
pansion has been reported to have been elimi- 
nated in kaolins'* by introduction of fluxes, the 
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cristobalite expansion of impure shales and fire 
clays would disappear if sufficiently high-firing 
temperatures could be employed, without over- 
firing, to cause the cristobalite to dissolve in the 
comparatively high flux shale and fireclay bodies. 


The data presented in this paper were 
Acknowledgment obtained in an investigation which was 
conducted by the Engineering Experiment Station of the 
University of Illinois, of which M. S. Ketchum, then Dean 
of the College of Engineering, was Director, and of which 
A. C. Willard, Acting Dean of the College of Engineering, 
is Director at the present time. The work was done, in 
coéperation with the Clay Products Association, in the 
Department of Ceramic Engineering of which C. W. 
Parmelee, Professor of Ceramic Engineering, is the head. 

Acknowledgment is made to Professor Parmelee for his 
interest and advice and for his critical examination of the 
material submitted for publication. 


DEPARTMENT OF CERAMIC ENGINEERING 
UNIVERSITY oF ILLINOIS 
Ursana, ILLINOIS 


APPLICATION OF STOKES’ LAW IN THE DETERMINATION OF THE 
ABSOLUTE VISCOSITY OF GLASS* 


By R. G. HuNTER 


ABSTRACT 


Stokes’ law, with a modified form of Ladenburg’s 
wall-correction factor, has been applied to determine the 
viscosity of glass from the velocity of a freely falling 
platinum sphere. The apparatus is described in full, a 
special feature being the radio equipment used to measure 
the velocity of the falling sphere. 

Reproducibility of results is excellent and good agree- 
ment has been obtained using spheres of different diameters, 
vindicating the use of the revised wall-correction factor. 
Results on a few typical glasses are discussed. 


I. Choice of Method 


The falling sphere method was chosen mainly 
because it is based on one of the fundamental laws 
of physics. It was realized, of course, that this 
method to date does not enjoy a very high reputa- 
tion. This, however, is perhaps due more to lack 
of refinements in the equipment than to defects 
in the method. 


II. Previous Attempts to Use the Stokes’ 
Method 


Arndt,' Staley,? and Doelter* were among the 
early investigators who applied Stokes’ law in 
measuring the viscosity of glass. Their methods 

* Presented at the Annual Meeting, AMERICAN CERAMIC 


Society, Cincinnati, Ohio, February, 1934 (Glass Divi- 
sion). Received February 15, 1934. 


were similar in that they suspended cylindrical or 
spherical platinum bodies in the molten glass 
by means of a wire attached to a pointer. The 
rate at which the body fell was shown upon a 
scale. 

Stott, Turner, and Sloman‘ and others used a 
method in which a counterbalanced platinum 
sphere was allowed to fall at different velocities 
through the glass. 

The above methods were investigated when this 
equipment was first built and were found to be 
subject to disadvantages, among which were (a) 
effect of surface tension on the wire supporting 
the platinum sphere; (5) variable amount of 
glass clinging to the wire; (c) results not ac- 
curately reproducible; and (d) some doubt whether 
results were in absolute viscosity units. 

In 1921 Masson, Gilbert, and Buckley® sug- 
gested the use of a freely falling platinum sphere, 


1K. Arndt, “Die Messung der Zahigkeit,” Z. Chem 
A pparatenkunde, 3, 549 (1908). 

7H. F. Staley, “Viscosity of Borate Glasses,’’ Orig 
Comm., 8th Internat. Cong. Appl. Chem., Vol. 5, p. 127, 
1912. 

* C. Doelter, “Uber die Viskositat der Silikatschmelgen,”’ 
Chem.-Zig., 36, 36 (1912). 

*V. H. Stott, D. Turner, and H. A. Sloman, “‘Counter- 
balanced Sphere,”’ Proc. Roy. Soc., A108, 154-71 (1925). 

5’ I. Masson, L. F. Gilbert, and H. Buckley, Jour. Soc 
Glass Tech., 5, 337 (1921). 


the velocity to be measured by X-rays. Lazarev,* 
Wood,’ and others* have used this method with 
success. 

The outstanding difficulty, of course, is to ob- 
tain satisfactory photographs due to the absorp- 
tion of the rays by a properly insulated furnace. 

The only logical alternative was to so design 
the equipment that the sphere in falling would give 
a signal at the moment of transit past each of 
two points or regions, at a known distance apart. 
This was carried out by means of a special radio 
hook-up which will be described iater. 


Ill. Theoretical Considerations 


The modified form of Stokes’ law, derived in 
1907 by Ladenburg,’ is given by the following 
equation : 


n = viscosity of liquid in absolute units 
= acceleration due to gravity 

R = radius of falling sphere (cm.) 

d, = density of falling sphere 

d, = density of liquid 

V = velocity of falling sphere (cm./sec.) 

rf = radius of crucible (cm.) 

h » = height of liquid in crucible (cm.) 


The above equation holds for a small sphere 
falling with a uniform velocity in a medium of 


finite dimensions. The factors (1 + 2.4 e) and 


R 
(1 + 3.3 3) or fw and fh are boundary corrections 


to compensate for the effect of the crucible walls 
and the height of the liquid, respectively, on the 
velocity of the sphere. The corrections, as deter- 
mined by Ladenburg, were tested for values of 
R R . 
3 < 0.09, rn < 0.008. The latter ratio will 
usually be small regardless of experimental con- 
ditions, but when working with molten glass 
where there is a combination of high viscosities 
and high temperatures, it becomes impractical to 
work within the range of values of R/r as defined 


*P. Lazarev, Chim. Ind. [Special No.], pp. 441-43 
(April, 1928); Keram. i Steklo, No. 7, 1928; X-ray 
method suggested by M. G. Buckley. 

7A. R. Wood, Jour. Soc. Glass Tech., 16, 43-51 
(1932). 

8 Deryagin and Khananoc, Jour. App. Phys. [Moscow], 
5, 193-99 (1929). 

* Ladenburg, Ann. Physik, 20, 287; 23, 447 (1907). 
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by Ladenburg. In consequence the question arose 
at the outset of this work whether Ladenburg’s 
wall-correction factor, fw, could be applied for 
ratios of R/r = 0.33. 

In 1931, when this equipment was under con- 
struction, Francis” investigated the Ladenburg 
correction factor and found that it did not hold for 
values of R/r greater than 0.1. 

It is obvious that when R approaches r, fw 
should approach infinity, whereas the limiting 
value of Ladenburg’s correction is 3.4. 

The observations were carried out using glyc- 
erol, with a viscosity of four poises, and glucose, 
with a viscosity of 700 poises. Steel balls were 
used with values of R/r varying from 0.01 to 
0.9. The values of the wall factor were computed 
for each ball and found to agree well with the 
general expression 


fe= 


for both glucose and glycerol and for values of 
R/r = 0.35. This is also in excellent agreement 
with Ladenburg’s work for values of R/r < 0.1. 

Thus the revised form of Ladenburg’s formula is 


_ 2 gR*d,—d) (1 — R/r)?™. 


The wall correction has been further checked in 
molten glass for a range of R/r, from 0.15 to 
0.35, and the results were in excellent agreement. 

In using the formula for computing results, cor- 
rections must be made for the expansion of the 
platinum spheres and crucible and the change in 
density of the platinum and glass, etc. There is 
little information available concerning the density 
of molten glass with the exception of the work of 
Li" and Hanlein.'"® However, with the infor- 
mation available and with what practical infor- 
mation there is concerning the total expansion of 
glass from’ room to furnace temperatures, the 
changes in density have been computed with 
quite sufficient accuracy. The fact that it is the 
difference in density that is used in the equation 
facilitates matters since the density of the sphere 
is much greater than that of glass. 


1 A. W. Francis, Physics, 4, 11 (1933). 

11S. H. Li, ““Densities of Na-Lime-Si Glasses at High 
Temperatures,’’ Bachelor’s Thesis, Univ. of Ill., 1922. 

12 W. Hanlein, Glastech. Ber., 10, 126 (1932). 
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STOKES’ LAW TO DETERMINE ABSOLUTE VISCOSITY OF GLASS 


IV. Description of Equipment 

Pee Figure 1 is a diagrammatic sketch 
(1) Principle of the apparatus. The glass is 
contained in a crucible heated uniformly to the 
desired temperature in 
the furnace. A ball 
made of platinum- 
20% rhodium is 
heated in a small fur- 
nace on top of the 
large furnace to the 
same temperature and 
dropped into the glass. 
The ball, in falling, 
passes through two 
radio coils wound on 
a sillimanite tube en- 
closing the crucible. 
These coils at a known 
distance apart are part 
of an oscillating sys- 
tem. As the ball 
passes through each 
coil, a signal is ex- 
cited, picked up by a 
short-wave receiver, 
and recorded on an 
oscillograph, which 
also records the time 
to a small fraction of 
a second. Thus it is 
possible to measure 
accurately the velocity 
of the falling ball and 
hence the viscosity at 
any desired tempera- 


Fic. 1.—Furnace diagram. 
A, platinum wire, 0.02 to 0.1 
inch spacing, 20 turns; B, 
radio coils, 65 millimeters cen- 
ter to center, 9 turns each, 
coils 11 millimeters long; C, 
No. 16 nichrome wire, '/,-inch 
spacing; D, crucible; E, plati- 


ture. num wire, 0.03-inch diameter, 
The furnace ‘Pacing varies from 2 milli- 
(2) Fur- : meters at ends to 5 millime- 
consists of ters at center, winding is di- 
nace an inner Videdinto3 coils; F, platinum 


Alund testy f° wire, leads to radio coil. 
undum tube, of 2- 


by 2°/,-inch diameter and 30 inches in length. 
On it are wound three coils of platinum-20% 
rhodium wire, 0.030 inch in diameter. The ends 
of each coil are led to the top end of the furnace. 
Separated by an air space is an outer tube of Alun- 
dum, 3*/, by 4'/s inches in diameter and 30 inches 
inlength. To eliminate convection currents in the 
air space at the top and bottom of the main heat- 
ing zone are two rings of Alundum cement which 
completely fill the air space. There is a fur- 
ther Alundum tube, 7 by 75/; inches in diameter 
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and 28 inches in length. This tube has a thread 
on its outer surface on which is wound a coil of 
chromel A No. 16 wire, the ends of which are led 
to the top and bottom of the furnace. The 
Alundum tubes are cemented on a plate of re- 
fractory material, 4'/, by 12 inches in diameter 
and °/s; inch thick. 

The furnace shell is made of aluminum, 12'/,- 
by 13'/,-inches diameter and 33 inches long. 
The spaces between the second and third tubes 
and the aluminum shell are filled- with pulverized 


Fic, 2.—-Furnace and radio. 


Sil-O-Cell and with layers of Sil-O-Cell brick at 
intervals of one-third the height of the furnace. 
The entire furnace can be moved up and down by 
means of ropes, pulleys, and counter-weights 
which are guided inside the heavy tubes which 
form the furnace stand of Fig. 2. 

Extreme care was taken in the alignment of 
the individual parts of the furnace to ensure that 
each Alundum tube was in an exact vertical posi- 
tion and had a common central axis, and that the 
furnace as a whole moved along a vertical direc 
tion. Precautions were also taken that the ball 
would fall along the central axis of the crucible. 

The advantages of this arrangement are that (a) 
the glass is left undisturbed during the entire 
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heating period; (5) the parts connected with the 
proper melting operation can be adjusted exactly 
before starting the run; and (c) the furnace can 
be adjusted in such a way that the glass is placed 
exactly in the zone of uniform temperature. 

From the top plate of the furnace stand, a long 
plug is inserted into the furnace. This plug is 
made of Alundum tubing, 2 inches in outer diame- 
ter, and reaches near the top of the crucible. 
It contains a tube through which the ball is 
dropped from the top of the furnace. The inner 
tube is held in place by Alundum cement. 

An adjustable iron holder on the bottom plate 
of the furnace supports a similar plug which 
reaches up into the furnace and supports the 


Fic. 3.—Control board. 


crucible. This plug contains tubes for a thermo- 
couple and for the two leads to the radio coils 
which surround the crucible. 

The furnace is heated by a special step trans- 
former, the voltage of which can be changed from 
1 to 330 volts. Each coil, of course, is subject 
to individual control and the current can be 
varied over a wide range. (Fig. 3.) 

The glass is melted in a silli- 
(3) Glass Melt crucible, inches in 
diameter and 9 inches in height. The crucible is 
enclosed by a sillimanite tube, 1°/, inches in 
diameter and 5'/: inches in length, on which are 
wound the radio coils. The tube is prolongated 
at the top and bottom by two Alundum sleeves, 
1/, inches in length, which hold it in position. 

Thus the ball passes through a certain distance 
inside the glass and attains a uniform velocity 
before passing through the radio coils. 

The most convenient way to melt the glass is 
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to use glass cylinders molded in such a way that 
they fit closely into the crucible. These cylinders 
are made from glass containing the minimum of 
seed. 

The furnace position is adjusted so that the 


greatest heat is applied 

at the bottom of the ono 
crucible. Thus the | 

glass starts to fill the J | ki 
crucible from below [77 


after becoming soft. | 
The air contained | 
between crucible and 
glass is slowly driven 
off and the formation 
of bubbles is avoided. 
Where the cylinders 
are very seedy it has 
been found more con- 
venient to melt the 
glass in a Globar fur- 
nace where the glass 
can be kept under ob- 
servation until most 
of the seed is elimi- 
nated, at which time 


it is transferred into 
the viscosity furnace 
which is already at the (dala 
desired temperature. 
A motor-driven stir- ee 


ring arrangement is 
available for use where 
the glass can only be 
secured in the form of cullet. A special platinum- 
20% rhodium stirrer is used with this arrange- 
ment. 


(4) Platinum Balls 


Fic. 4.—Diagram of py- 
rometer connections. 


The balls used are of plati- 
num-20% rhodium with a 
diameter of 12 millimeters. There are two ad- 
ditional balls of 6- and 10-millimeter diameter for 
use at higher temperatures. 
(S) Temperature The maintenance of uniform 
atntineneieh temperature over the entire 
height of the melt is secured 
by means of several platinum-platinum 10% 
rhodium thermocouples calibrated by means of a 
Bureau of Standards couple and inserted at the 
following places: (a) the upper platinum heat- 
ing coil, (6) the middle platinum heating coil, 
(c) the lower platinum heating coil, (d) the 
Chromel heating coil, and (e) the radio tube, half- 
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way between the coils corresponding to the center 
of the melt. (See Fig. 4.) 

All thermocouples are connected to a Leeds & 
Northrup micromax recorder. Thermocouple ()) 
can be connected to a Wilson-Maulen Company 
controller which acts on the current of the middle 
heating coil (See Fig. 4). 

Thermocouple (e), the cold junction of which is 
maintained at 0°C, is connected to a Leeds & 
Northrup type “K’’ potentiometer enclosed in a 
special housing. The galvanometer is suspended 
by a Julius suspension to reduce vibration. 

(6) Radio Hookup A functional diagram of 

the equipment is shown in 

Fig. 5. The equipment is comprised essentially of 
Furnace | 


He 
Oscittator | 


Fic. 5.—Functional diagram of radio 
equipment. 


a high-frequency oscillator, a heterodyne receiver, 
and an oscillograph. 

In the high-frequency or furnace oscillator, the 
inductance coil of the plate oscillatory circuit is 
placed in the electric furnace and surrounds the 
crucible of molten glass. When a ball is dropped 
into the crucible the oscillator frequency is 
changed. Since the furnace coil is divided into 
two sections the frequency shift occurs twice. 
The rest of the equipment is designed to deter- 
mine the time elapsed between the two frequency 
shifts. 

The heterodyne receiver is tuned to zero beat 
with the furnace oscillator. 

As the ball approaches the upper half of the 
furnace coil during its downward path, the 
gradually increasing change in frequency is ap- 
parent when picked up by the receiver as audio 
frequency. This audio-frequency note can be 
detected in the ear phones as rising to a maximum 
when: the ball is at the effective center of each 
coil and then decreasing. 

The audio frequency from the receiver is put 
through a step-down transformer rectified and the 
direct current output passed into the oscillo- 
graph (Fig. 6). 

The oscillograph provides means for recording 
photographically the direct current output due to 
the audible note and in juxtaposition a timing 
record which permits the determination of elapsed 
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time to an accuracy of 0.1% for time intervals 
from one-half second to 40 minutes (Fig. 7). An 
experienced observer can estimate the time inter- 
vals with reasonable accuracy using a stop-watch 
in connection with the ear phones. 

Naturally there are many difficulties associated 
with the operation of an oscillating circuit at such 
high temperatures. Chief among these is the 
alternating current hum, picked up from neigh- 
boring circuits; also the fact that with the ex- 
tremely sensitive tuning required, the slightest 


Fic. 6.—Oscillograph. 


electrical or mechanical disturbance causes a dis- 
tortion of the zero beat. 

However, by a suitable choice of wire for the 
radio furnace coil and proper screening and 
shielding arrangements, these obstacles have 
largely been removed from the path of continuous, 
successful operation of the equipment. 


V. Operation of Equipment 


At frequent intervals a tem- 
perature distribution inves- 
tigation is made for the 
complete temperature range over which viscosity 
measurements are made. 

For this purpose a special dummy crucible is 
used in place of glass. This crucible, containing 
a narrow tube in the center enclosed by Alundum 
cement, is placed in the furnace which is brought 
to some convenient temperature within the de- 
sired range. A long, carefully calibrated explor- 


(1) Temperature 
Distribution 


ing thermocouple is then lowered from the top 
of the furnace so that the junction occupies various 
positions along the central axis of the crucible. 
Temperature measurements are taken and the cur- 
rent in each coil adjusted till the temperature over 
the entire length of the crucible is uniform to + 1°C. 


Osciltator Mectiher 


126 


A record is then made of all thermocouple, cur- 
rent, and rheostat readings. Further, a careful 
comparison is made of the readings of the explor- 
ing thermocouple in the crucible and the thermo- 
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a good degree of assurance that the temperature 
distribution is satisfactory, longitudinally and 
radially. 

Before making any viscosity determination, the 


Fic. 7.—Oscillograph chart. 


couple attached to the radio tube to ensure that 
their readings are identical. The divergence 
never exceeds 1°C. Similar operations are car- 
ried out to obtain satisfactory uniformity of 


46 | T 
| 
\\ A-Glass #1 | 


| | 


x B-Glass #2 
3 r | 
C-Gilass *3- 
SH > + + + 
\ D-Glass *4 


Ls) 
+ 
+ 
| 


SGN 


\ 
+ + N 
22 
900 1000 /100 1200 1300 
Degrees C 


Fic. 8.—Log viscosity; temperature curves of four 
typical glasses. 


temperature at intervals of 100°C over the range. 
Thus in a viscosity run the exact settings are 
known for each temperature desired and there is 


desired temperature is maintained for at least 
one hour. 


VI. Results 


So far there has been comparatively little 
evidence of inconsistency in results. Check runs 
have been made on several glasses with excellent 
agreement. Occasionally, due to local variations, 
such as voltage fluctuations during the course of 
a run, an individual result may be out of line by 1 
to 3%. This, however, is an infrequent occur- 
rence. 

Agreement between values obtained for balls of 
different diameter has been satisfactory. For ex- 
ample, recent results for balls of 10 and 12 milli- 
meter diameter at 1203.5°C gave log viscosity 
values 3.07(2) and 3.07(7), the agreement being 
closer than 1%. 

It was thought that possibly the analysis of 
the glass might change during the course of the 
run. Several glasses have been analyzed before 
and after a determination with no appreciable 
change. The alumina acquired from the sil- 
limanite crucible was found to be.small. Samptles 
of glass taken next to the crucible wall were found 
to have picked up 0.15% alumina. 

This method is perhaps somewhat elaborate 
and difficult to use. However, once under con- 
trol, there would seem to be good reason to be- 
lieve that values obtained give an accurate pic- 
ture of the viscosity of any glass subjected to 
examination. 

Comparison runs were made on two glasses 
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(Nos. 1 and 4 below) by this method and by 
Lillie at Corning using the rotating cylinder 
method. Results were in excellent agreement, 
particularly in view of the striking contrast in 
the methods. The deviation of results might well 
be accounted for on the basis of temperature 
measurement. 

Results are given below on four typical glasses 
whose viscosities were investigated by the above 
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the Na,O content at the expense of silica. Its 
viscosity, compared to that of glass No. 2, is 30% 
lower at 950°C and 20% lower at 1200°C. The 
greater viscosity decrease at 950°C illustrates the 
effect of soda in lengthening the working range. 
Glass No. 4 has quite a different viscosity 
range. The characteristic slow setting rate of 
lead glasses is evident from the slope of the curve. 
During the past year many glasses, commercial 


method. (See Fig. 8.) and experimental, have been investigated. While 
CHEMICAL ANALYSIS 
No. 1 No. 2 No. 3 No. 4 

SiO, 73.97 74.35 72.27 62.50 

R,O; 0.91 0.85 1.72 1.30 

CaO 5.69 9.03 8.79 

MgO 9-26 9-21 9-14 

Na,O 15.30 15.30 16.88 7.50 14.20 

K,0 6.70 

BaO 0.50 0.34 

PbO 22.00 

VISCOSITY 
No 1 No. 2 No. 3 No. 4 

Temp. (°C) Log N N “Log N N " Leg N N " Leg N N 
900 4.71 51,300 
950 4.60 39,800 4.39 24,600 4.24 17,400 4.21 16,200 
1000 4.20 15,850 4.00 000 3.85 7,080 3.89 7,760 
1100 3.54 3,470 3.37 340 3.24 1,740 3.34 2,190 
1200 3.02 1,050 2.85 708 2.74 550 2.91 813 
1250 2.72 525 
1300 2.58 380 2.42 263 2.33 214 


The difference in the viscosity of glasses con- 
taining dolomite and calcite lime is shown up well 
by the results for glasses 1 and 2. The substi- 
tution of 3.34% CaO for an equal amount of MgO 
reduces the viscosity over 30% for the range in- 
vestigated. In line with the results of English,“ 
No. 2 has a slightly slower setting rate in the 
vicinity of 1100°C, but the difference would not 
be expected to be appreciable in actual practice. 

Glass No. 3 illustrates the effect of increasing 


18S. English, Jour. Soc. Glass Tech., 8, 205 (1924). 


some results have only confirmed what has al- 
ready been observed in practical operation, a 
number of interesting points have come out which 
it is hoped will make a contribution to the im- 
provement of commercial bottle glass as it exists 
today. 
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THE EFFECT OF MECHANICAL PRESSURE ON THE DRYING AND 
FIRING PROPERTIES OF TYPICAL CERAMIC BODIES* 


By A. E. R. WESTMAN 


ABSTRACT 

The drying and firing properties of hand-molded and per- 
meable-pressed disks, 2*/, inches in diameter and 1'/, inches 
thick, were determined for sanitary ware, semivitreous 
ware, electrical porcelain, glasspot, sewer pipe, and chemi- 
cal stoneware. Permeable pressing at 8280 Ib./sq. in. elimi- 
nated drying shrinkage, reduced firing shrinkage by nearly 
one-half, and the combined shrinkage by from one-half to 
two-thirds. The majority of the disks were dried and 
fired successfully, but some cracked on drying, probably 
from thermal shock, and some pressed disks were insuffi- 
ciently oxidized or reduced due to their dense structure. 
Studies of pressing times showed great differences between 
bodies and, for any one body, that the pressing time de- 
pended roughly on the square of the initial thickness of the 
disk, 


I. Introduction 


In two previous papers' ex- 
periments were described in 
which a number of ceramic 
clays in the plastic condition were held between 
water-permeable pistons under mechanical pres- 
sures of 207, 8280, and 16,560 pounds per square 
inch in contact with water at atmospheric pres- 
sure until equilibrium was reached; the water in 
the pistons was removed by compressed air, the 
mechanical pressure released, and the moisture 
content, density, drying shrinkage, and other 
properties of the clays were determined. It was 
found that the effects of the shrinkage stage in 
drying were obtained at relatively low pressures 
approximating those required to overcome the 
capillary suction of the clays, that higher pres- 
sures gave higher dry densities than air drying, 
and that clays of the ball-clay and china-clay 
types were sharply differentiated at low pressures 
but not at high pressures. 

In a further series of experiments, described in 
paper II,' the effect of a series of pressures on two 
distinctive clays was investigated as well as the 
effect of mixing clays and adding nonplastics. 
The firing properties of the permeable-pressed 
clays were also reported. It was found that with 


(1) Previous 
Communications 


* Presented at the Annual Meeting, AmerIcAN CE- 
RAMIC Socrety, Cincinnati, Ohio, February, 1934 (White 
Wares Division). Revised copy received March 13, 1934. 

1A. E. R. Westman, “The Effect of Mechanical Pres- 
sure on the Imbibitional and Drying Properties of Some 
Ceramic Clays, Part I,’’ Jour. Amer. Ceram. Soc., 15 [10], 
552-63 (1932); “Part II,” tbid., 16 [6], 256-64 (1933). 


Florida kaolin all but a small persistent drying 
shrinkage was eliminated by pressures greater 
than 2800 pounds per square inch, and that lower 
pressures reduced the dry volumes of the disks 
without preventing drying shrinkage; with Dela- 
ware kaolin, a pressure of about 300 pounds per 
square inch eliminated drying shrinkage com- 
pletely; with both clays at high pressures, a con- 
siderable increase in volume took place on the 
release of pressure. A mixture of Georgia and 
Florida kaolin behaved similarly to the clays 
themselves. Nonplastics, when added to clays, 
produced a lack of recoil on release of pressure 
which appeared to be typical of fire clays having 
a high nonplastic content. Preliminary firing 
tests of '/,-inch thick disks showed no warping or 
lamination at cone 9+. The decrease in total 
dry volume of the disks due to permeable pressing 
resulted in a marked decrease of firing shrinkage 
in clays fired to vitrification and in a decrease in 
fired volume and porosity with little change in 
firing shrinkage with clays which were only 
slightly vitrified. 


(2) Present 
Communication 


In all the experiments described 
in the previous paragraph rather 
thin disks of clay, 1*/, inches in 
diameter and '/, inch thick before pressing, were 
used. The use of thin disks was an advantage 
in experiments with a number of clays and pres- 
sures, since equilibrium was reached more quickly, 
but made it difficult to study pressing rates and 
to detect possible laminations, etc., which might 
be introduced in pressing. 

In the experiments now to be described a larger 
press was used with which it was possible to press 
disks 2*/, inches in diameter and up to 1'/: inches 
in thickness, and thus to study rates of pressing 
and to detect possible drying and firing difficulties. 
Both commercial bodies and clays were investi- 
gated. 


(3) Pressing 


Apparatus and 
Procedure 


The permeable press that was 
used in the present study was 
similar in design to that described 
in detail in paper I' and consisted 
of two permeable pistons and a ring which were 
surface-hardened and ground to a close fit. The 
ring was 4'/; inches long with an outside diameter 
of 4'/, inches and inside diameter 2*/, inches, with 
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the rest of the apparatus of proportionate dimen- 
sions. Similar arrangements were provided for 
removing the water in contact with the pressed 
disk before releasing the pressure. Arrangements 
were provided by means of which movements of 
the pistons could be read to one-hundredth inch, 
which was sufficiently sensitive for the type of 
experiment undertaken. 

The procedure followed was essentially similar 
to that used in the previous work but some small 
changes were made. It was found desirable to 
use slightly oversize filter papers in contact with 
the clay in the press, the excess being crimped in 
a regular fashion so that it extended about 2 milli- 
meters along the wall of the ring. This helped 
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to prevent clay from getting between the pistons 
and the ring. The same pressure, 8280 pounds 
per square inch (the limit of the testing machine 
for 2°/,-inch pistons), was used in practically all 
the tests; a pressure of about 85 pounds per square 
inch was applied just long enough to allow the 
plastic disk to conform to the inner surfaces of 
the press and then the pressure was raised to 8280 
pounds per square inch in one-half minute or less. 
Timing started as soon as the pressure was in- 
creased above 85 pounds per square inch. In 
view of the size of the disks, weighing bottles were 


not used. 

, The materials used in the experi- 
(4) Materials ments included the following 
clays, which are described in detail in paper I’: 
Gross Almerode, Delaware kaolin, Florida kaolin, 
and Jernigan ball clay. The commercial bodies, 
which were secured from the manufacturers in 
the plastic state as they were normally used in 
practice, included a chemical stoneware, a sewer 
pipe, and a glasspot body; in addition, bodies 
typical of sanitary ware, electrical porcelain, and 
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semivitreous ware were prepared in the laboratory. 
The compositions of the bodies are given in Table 
I. The last three are similar to those used by 
Parmelee and McVay’ with some changes in the 
clays in order to use materials whose permeable 
pressing properties were known. 


TABLE I 
Bopy COMPOSITIONS 
Body Composition 
Chemical stoneware Regular commercial body 
Sewer pipe 10% fine red sand, 90% Aldershot 
sewer-pipe clay 
Glass pot 40% grog, 20% calcined flint, 40% 
Gross Almerode clay 
Sanitary ware English china clay 26, Florida kaolin 


8, Dorset English ball 10, flint 30, 
feldspar 26 

English china clay 30, Dorset ball 20, 
flint 20, feldspar 30 

English china clay 23, Florida kaolin 
7, Delaware kaolin 9, Dorset ball 
13, flint 36, feldspar 12 


Electrical porcelain 


Semivitreous ware 


II. Pressing Rates 
In the work with thin disks, 


eee mam it had been noticed that the 
R a time required to permeable- 


press clays at a given pressure 
depended to a considerable degree on the type of 
clay which was used. In order to investigate this 
more fully, a number of experiments were made in 
which the rate of pressing was determined for 
plastic disks originally 1'/, inches in thickness 
when subjected to a pressure of 8280 pounds per 
square inch, readings of the dial which measured 
the movement of the pistons being taken every 
30 seconds. The initial and final moisture con- 
tents of the disks were determined and were used 
to calculate the moisture contents of the disks at 
different times during the pressing operation in 
terms of the volume of water per 100 cubic centi- 
meters dry clay or body. Some error was intro- 
duced by compression of the permeable pistons, 
but calculations of the total moisture change from 
the total recorded piston movement showed that 
this error was not important. 
The data obtained were used in preparing Fig. 
1 in which the moisture contents, in terms of cubic 
centimeters of water per 100 cubic centimeters 
dry material, are plotted as ordinates and the time 
after raising the pressure above 85 pounds per 


2 C. W. Parmelee and T. N. McVay, “An Investigation 
of the Properties of Some Feldspars,” Univ. of Ill. Eng. 
Expt. Sta. Bull., No. 233 (1931). 
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square inch as abscissas, the curves for the clays 
being shown in broken line and for the bodies in 
full line. Readings were taken until the piston 
movement was less than 0.01 inch over a period 
of 4 or 5 minutes. It will be observed from the 
figure that the total time varied from 60 minutes 
for Gross Almerode clay to 7 minutes for the sani- 
tary-ware body. The electrical porcelain and 
semivitreous ware gave curves which did not differ 
materially from the sanitary ware. 

In all cases, pressing proceeded very rapidly 
during the first few minutes and then gradually 
slowed down as time went on. As shown by the 
figure, the materials differed greatly, not only 
in their initial and final moisture contents, but also 
in the shapes of their moisture-loss curves. A 
comparison of curves 1 (Gross Almerode) and 6 
(glasspot body) shows how the introduction of 
grog and flint in such relatively large proportions 
lowered the initial moisture content, i.e., the 
water of plasticity, to a much greater extent than 
the final moisture content. A comparison be- 
tween curves 1 and 3 shows how two clays with 
similar initial moisture contents press at widely 
different rates. The sewer-pipe, chemical stone- 
ware, and sanitary-ware bodies have similar 
initial moisture contents and quite distinct press- 
ing curves. Because of the asymptotic character 
of the curves, it was difficult to fix the total press- 
ing time with accuracy although the final moisture 
content could be determined precisely. To afford 
a quantitative comparison of the materials, there- 
fore, the times required to remove 50 and 97.5% 
of the expressible water were calculated from the 
dial readings and are given in Table II. 


TABLE II 
PRESSING TIMES 
(1'/2-inch disks, 8280 Ib./sq. in.) 


Time in minutes to remove 
indicated percentage of ex- 


pressible water 
Material 97.5% 80% 
Swansea sewer pipe 51 26 
Chemical stoneware 331/, 133/, 
Gross Almerode 33 15 
Glasspot 16 
Florida kaolin 15'/s 6 
Jernigan ball 71/2 
Electrical porcelain 63/, 23/, 
Semivitreous 5 
Delaware kaolin 
Sanitary ware + 2 


The data in the table show that the rates of press- 
ing are strikingly different for the different ma- 
terials, the sewer-pipe body taking about thirteen 
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times as long as the sanitary-ware body to reach 
corresponding points on the pressing curves. The 
80% times are roughly one-half the 97.5% times, 
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showing how rapidly the first part of the express- 

ible water leaves. 

(2) Effect of In determining the effect of the 
: thickness of the disk on pressing 

Thickness 

time, Gross Almerode clay was 

used since it pressed slowly. Disks with initial 

thicknesses of 1'/: inches, 1'/, inches, 1 inch, 
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inch, '/: inch, and '/, inch were pressed at 8280 
pounds per square inch and a series of press- 
ing curves were calculated which are shown in 
Fig. 2. The initial and final moisture contents aver- 
aged 99.2 and 24.8 cubic centimeters per 100 
cubic centimeters dry clay, respectively, and 
showed only a negligible variation. It is evident 
from Fig. 2 that thickness has a marked effect on 
the rate of pressing. 


4 
A 


By the procedure described in the previous sec- 
tion, the times for 97.5, 92.5, and 50% pressing 
were calculated for the different thicknesses and 
plotted on a log-log chart as shown in Fig. 3. 
The linear relationship shown on the log-log 
chart corresponds to a parabolic relationship of 
the form 

y = ax® 
in which y is the pressing time and x the initial 
thickness. The values of a for the 97.5, 92.5, 
and 50% curves were found to be 15.2, 10.6, and 
2.3, respectively; and for 5, 1.76, 1.93, and 2.18, 
respectively. Thus, the time of pressing varied 
in an approximate way directly as the square of 
the thickness. This is to some extent to be ex- 
pected since, if we consider two disks, one of which 
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transferred to one operating at 110°C. A 1'/; 
inch thick plastic disk which had not been pressed 
was given the same treatment. The experiments 
were made in duplicate. 
, Some cracking on drying was 
2 io asking on encountered in the case of some 
of the pressed disks of Gross 
Almerode clay, some of the pressed and un- 
pressed disks of semivitreous ware, and one 
pressed disk of electrical porcelain. The cracks 
were largely radial in character and originated 
in indentations left by the crimping of the filter 
paper in the press. They were likely caused by 
thermal shock during the transfer from the 50°C 
to the 110°C drier since they occurred with mix- 
tures having high free silica and with pressed disks 


III 
COMPARISON OF PROPERTIES OF DISKS MADE AT ATMOSPHERIC AND AT 8280 PouNpDs PER SQUARE INCH Gross PRESSURE 
(Weights in grams per 100 grams dry body, volume in cubic centimeters per 100 cubic centimeters true volume dry body) 


Wet disk Drying 

Dry disk chan 
Total Water Air (total (total 

Material water volume volume volume vol.) vol.) 
( Sanitary ware 7.9 126.4 20.6 5.8 126.1 — 0.3 
(2) Sanitary ware 26.6 167.9 69.7 —1.8 144.7 —23.2 
(1) Semivitreous 7.9 127.7 20.9 6.8 127.3 — 0.4 
(2) Semivitreous 29.5 178.0 77.4 0.6 149.6 —28.4 
(1) Electrical porcelain 7.4 124.7 19.3 5.4 125.5 + 0.8 
(2) Electrical porcelain 25.9 168.7 67.7 1.0 144.3 —24.4 
(1) Glasspot 6.7 122.9 17.9 5.0 121.1 — 1.8 
(2) Glasspot 16.1 146.4 43.1 3.3 130.7 —15.7 
(1) Swansea sewer pipe 8.6 124.7 23.0 1.7 123.4 — 1.3 
(2) Swansea sewer pipe 26.2 167.5 70.1 —2.6 135.7 —31.8 
(1) Chemical stoneware 7.8 126.5 20.7 5.8 130.1 + 3.6 
(2) Chemical stoneware 29.0 180.4 76.1 4.3 145.9 —34.5 


(1) Pressed disks 
(2) Unpressed disks 


is twice the thickness of the other, approximately 
twice as much water is moved through an average 
of twice the distance when the thicker disk is 
pressed. 


Ill. Pressing and Drying Properties 

In order to determine the per- 
(2) meable pressing and drying 
properties of the bodies and clays, 1'/: inch thick 
plastic disks were pressed at 8280 pounds per 
square inch until the pistons showed less than 
0.01-inch movement in 5 minutes. The excess 
water was removed from the press by compressed 
air, and the disk was removed, weighed, and then 
placed in kerosene. The standard procedure for 
drying properties was then followed. In drying, 
the disks were first placed in a well-ventilated 
drier operating at approximately 50°C and then 


which, as will be shown later, did not shrink 
appreciably on drying. 
(3) Pressing and The drying properties and 
Drying Properties pressing characteristics of the 
materials studied are shown 
in Table III, the data being expressed in the 
same manner as in the previous papers. The 
standard properties can be readily calculated from 
the data as described in detail in paper I. 

In Table III, the data for the unpressed and 
pressed disks are given in alternate rows so that 
the effect of pressing will be readily apparent. 
It is evident from the table that permeable press- 
ing at 8280 pounds per square inch resulted in all 
cases in a marked lowering of moisture content, 
wet volume, and dry volume and eliminated dry- 
ing shrinkage. The increased air volume shown 
for the pressed disks of some of the bodies is due 
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to expansion of the disk when removed from the 
press, a phenomenon which is observed with some 
clays. The expansion on drying shown for the 
chemical-stoneware body is not due to an experi- 
mental error but is similar to that found for certain 
clays in previous work. Throughout the table, 
the data for the sanitary ware, electrical porcelain, 
semivitreous ware, and chemical stoneware are in 
approximate agreement. The heavily grogged 
glasspot body packs better and the sewer-pipe 
body not as well as the other bodies as shown by 
the data in the third column. The 17.9 cubic 
centimeters of water volume for the glasspot 
body corresponds to a pore space of less than 15%. 
The unpressed sewer-pipe body packs well in the 
dry state which increases its drying shrinkage. 

Apart from the elimination of drying shrinkage, 
permeable pressing increases the packing in the 
dry state, as shown by the fifth column in the 
table. This increase is not as great with care- 
fully compounded bodies such as the glasspot 
and chemical-stoneware bodies. 

Similar data to that shown in Table III were ob- 
tained for some of the clays, but since they agreed 
very closely with those obtained on thin disks 
which have already been reported in papers I and 
II! they were not included in this paper. 


IV. Firing Properties 

Both pressed and unpressed 
(1) Pecssture disks of all the bodies except 
sewer pipe were fired to cone 9 in a well-insu- 
lated gas-fired kiln with a uniform temperature 
distribution. The temperature of the kiln was 
raised at 50 to 1225°C, and then at 20°C to 
cone 9. Some of the glasspot disks were then re- 
fired tocone 12. The chemical-stoneware disks in 
this group were heated to approximately 900°C 
in an electric-muffle furnace to oxidize them and 
then packed in a sealed sagger with pieces of 
graphite in order to subject them to reducing 
conditions in the cone 9 firing. The sewer-pipe 
disks and some chemical-stoneware disks were 
fired in a regular commercial firing by the manu- 
facturers supplying the bodies, the sewer-pipe 
disks being enclosed in a sagger to avoid salt- 
glazing. 


(2) Fired 
Appearance 


A considerable interest attached to 
the appearance of the disks after 
firing since only thin pressed disks 
had been fired previously. It was found that 
there was no evidence of warping or cracking 
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during the laboratory firing in the case of the 
pressed disks with the exception of the chemical- 
stoneware disks. With the chemical stoneware, 
two pressed disks had bloated badly due to insuf- 
ficient oxidation in the oxidizing firing, and the 
two other pressed disks showed small bloated 
spots due to the same cause but were otherwise 
true and solid. The fired properties of the stone- 
ware disk were determined on specimens prepared 
by chipping the bloated spots from the latter pair 
of disks. Fresh surfaces of the chemical stone- 
ware showed the normal gray color of the ware 
fired in the plant. 

The unfired disks acted normally in the com- 
mercial firings, but the pressed disks showed local- 
ized bloating due to insufficient oxidation in the 
case of the sewer-pipe body and insufficient reduc- 
tion for the chemical stoneware. Both these ef- 
fects were evidently due to the denser structure 
of the pressed disks. In determining the fired 
properties of the sewer-pipe disks, the unoxidized 
portions were discarded. 

An examination of both polished and fractured 
surfaces of the fired specimens showed that the 
pressed disks were denser and more uniform in all 
cases. This was particularly noticeable in the 
case of the glasspot, semivitreous, and chemical- 
stoneware bodies. These differences were greater 
than would arise in practice because the hand- 
molded disks were not as dense as those produced 
commercially and tended to have a poor struc- 
ture. However, the effect of pressing in closing 
up the body was unmistakable. The pressed 
chemical-stoneware disks fired in the plant showed 
definite cores of unoxidized material when frac- 
tured, and the commercially fired, pressed, sewer- 
pipe disks showed small black cores. The pressed 
chemical-stoneware disks fired in the laboratory 
showed extremely dense, uniform, gray surfaces 
when polished or fractured. 

(3) Fired Volume data for the fired disks along 
Calinten _with some volume data from the pre- 
vious tables are shown in Table IV, 
all volumes being expressed in terms of 100 cubic 
centimeters true volume of dry body. Both the 
pressed and unpressed disks of the sanitary ware, 
electrical porcelain, and sewer pipe fired to a low 
open porosity and to a total volume very close 
to 100. For these bodies, the decrease in total 
dry volume caused by pressing is reflected in a 
decreased firing shrinkage, the pressed disks hav- 
ing a little more than one-half the firing shrinkage 
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of the unpressed disks. With the semivitreous 
and glasspot bodies, the pressed disks fired to 
much lower porosities than the unpressed disks 
so that the decrease in dry volume caused by 
pressing was not wholly reflected in the decrease 
in firing shrinkage. The change in total volume 
from the wet to the fired condition is in all cases 
very much less for the pressed than for the un- 
pressed disks. This is particularly striking in the 
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V. Drying and Firing Properties 
(1) Standard Although the method of presen- 
tation adopted in the preceding 
Data 
sections permits a clearer under- 
standing of the factors involved in the change of 
drying and firing properties caused by permeable 
pressing than does the standard method, the latter 
permits readier comparisons and is more familiar 
to the average reader. For this reason some of 


TaBie IV 


COMPARISON OF THE PROPERTIES OF DISKS MADE AT ATMOSPHERIC PRESSURE AND AT 8280 PouNDs PER Souvare INCH 
Gross PRESSURE, BEFORE AND AFTER FIRING TO CONE 9 


(All volumes in cu. cm./100 cu. cm. true volume dry body) 


Fired disk 
Wet disk Dry disk - 
(total rd Total Open Closed True 
Material vol.) vol.) volume pores pores volume 
(1) Sanitary ware 126.4 126.1 100.7 0.12 2.6 98.0 
(2) Sanitary ware 167.9 144.7 101.5 0.16 3.3 98.0 
(1) Semivitreous 127.7 127.3 101.2 1.1 3.7 96.4 
(2) Semivitreous 178.0 149.6 110.6 8.9 5.5 96.2 
(1) Electrical porcelain 124.7 125.5 101.5 0.08 3.2 98.2 
(2) Electrical porcelain 168.7 144.3 103.4 0.0 5.1 98.3 
(1) Glasspot 122.9 121.1 117.5 17.2 2.2 98.1 
(2) Glasspot 146.4 130.7 127.5 26.8 2.6 98.1 
(1) Glasspot (cone 12) 122.9 121.1 116.9 16.7 2.1 98.1 
(2) Glasspot (cone 12) 146.4 130.7 126.9 26.1 2.7 98.1 
(1) Chemical stoneware 126.5 130.1 104.5 0.18 8.6* 95.7 
(2) Chemical stoneware 180.4 145.9 110.4 0.30 14.1* 96.0 
(1) Swansea sewer pipe (1850°F) 124.7 123.4 102.5 0.17 6.1* 96.2 
(2) Swansea sewer pipe (1850°F) 167.5 135.7 103.6 0.28 7.3° 96.1 
(1) Pressed disks 
(2) Unpressed disks 
* These values should not be taken as typical of the corresponding commercial bodies. 
TABLE V 
DRYING AND FIRING PrRopertigs (in round numbers) 
Semi- Electrical Sewer Chemica! 
Sanitary vitreous porcelain Glasspot pipe stoneware 
Un- Un- Un- Un- Un- Un- 
Body pressed Pressed pressed Pressed pressed Pressed pressed Pressed pressed Pressed pressed Pressed 
Water of plasticity 27 8 30 8 26 7 16 7 26 i] 29 s 
Volume drying shrinkage 16 0 19 0 17 0 12 1.5 23 1 24 -3* 
Volume firing shrinkage 30 20 26 21 28 19 2.5 3 24 17 24 20 
Total volume shrinkage 
(fired basis) 65 26 61 26 63 23 15 5 62 22 63 21 
Apparent porosity 0.2 0.1 8 1 0.0 O.1 21 14 0.3 0.2 0.3 0.2 
Closed porosity 3 3 5 4 3 2 2 7t 6T 13t St 


* 3% expansion on drying. 


t These values are not to be taken as applicable to the commercial products. 


case of the chemical-stoneware body, the corre- 
sponding decreases in total volume being 22 and 
70 for the pressed and unpressed disks, respec- 
tively, although the pressed disk fired to a denser 
product. The pressed disk of the glasspot body 
is of particular interest since the change in total 
volume from the wet to the fired state is only 6.0 
cubic centimeters, about 4.5% by volume, or 
about 1.5% by linear measurement. The fired 
disk fitted into the press in which it was made 
with a clearance of less than '/« inch. 


the data were recalculated to standard form and 


are given in Table V in round numbers. 


VI. Conclusions 


The following conclusions are 
(3) based on in which 
disks of plastic clays and ceramic bodies, 2°/, 
inches in diameter and up to 1'/;-inch thickness 
were permeable-pressed at 8280 pounds per square 
inch, their rate of pressing, pressing characteris- 
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tics, and drying and firing properties being deter- 
mined. 
The rate of pressing depended to a 


marked degree on the nature of 
€ the material. In all cases, the 
initial rate was rapid but fell off with time. The 


time of pressing varied roughly with the square 
of the initial thickness. 
Permeable pressing eliminat- 

ed drying shrinkage in all the 

a bodies investigated and sub- 
stituted a slight expansion in 
one case. It also decreased the total wet and 
dry volumes. In the case of the heavily grogged 
glasspot body, the pore space in the pressed 
disks when dry was less than 15%. 

Some cracking on drying occurred with pressed 
and unpressed disks of some of the clays and bod- 
ies. The cracks originated in surface defects and 
were thought to be due to thermal shock. Some 
of the cracked disks suffered no volume change on 


drying. 


(4) Firing 
Properties 


With normally close-firing bodies, 
permeable pressing at 8280 pounds 
per square inch reduced the firing 
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shrinkage by somewhat less than one-half, and 
the total change from wet to fired volume by from 
one-half to two-thirds approximately. It also 
reduced the closed-pore volume. With normally 
open-firing bodies, permeable pressing decreased 
the fired porosity and thus had less effect in reduc- 
ing firing shrinkage. The permeable-pressed 
glasspot disk showed a remarkably low change in 
size from the wet to the fired state, the total linear 
change being about 1.5% or less. 

Firing the thick permeable-pressed disks pre- 
sented no difficulty due to warping, lamination, 
etc., but with the sewer-pipe and chemical-stone- 
ware bodies it appeared that the pressed disks, 
having a denser structure, would require longer 
oxidation and reduction periods than unpressed 
disks, carried out preferably at somewhat lower 
temperatures. 
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A RAPID METHOD FOR THE ANALYSIS OF SILICEOUS REFRACTORIES* 


By Sanprorp S. Cove AND S. R. SCHOLES 


ABSTRACT 


Evaporation with HF and H;SOQ, removes silica. Igni- 
tion of residue at 800 to 900°C yields a mixture of R,O; 
and sulfates, which is weighed. The residue is brought into 
solution and R,O;, CaO, and MgO are determined by 
standard methods. CaO and MgO are calculated back to 
sulfates and alkali is calculated from weight of ignited resi- 
due. Silica is found by difference. A summary of pre- 
vious investigations of the behavior of sulfates at elevated 
temperatures is presented, as well as the results of similar 
experiments by the authors. 


I. Introduction 


The usual method of analyzing siliceous refrac- 
tories is by sodium carbonate fusion, followed by 
double evaporation with acid to render silica 
insoluble, and precipitation of the bases. When 


* Presented at the Annual Meeting, AMERICAN CERAMIC 
Socrety, Pittsburgh, Pa., February, 1933 (Refractories 
Division). Received June 2, 1933 


the alkalis are determined, the J. Lawrence Smith 
fusion is generally employed. 

The estimation of silica by evaporation is by 
no means the simple procedure that it appears to 
be, and very few analysts can obtain consistent 
duplicates within several tenths per cent. There- 
fore, for a material high in silica, such as silica 
brick, it seemed desirable to devise some means of 
determining the small amounts of bases and alkali 
and to estimate silica by difference. 

Such a method has been found in evaporating 
the sample with hydrofluoric and sulfuric acids, 
volatilizing the silica, and igniting the residue to a 
weighable mixture of R,O; and sulfates, from 
which by subsequent treatment, all the bases can 
be separated and the alkali calculated. 

This method has the great advantage of speed 
over the fusion method. It also accomplishes 
the estimation of alkali in the very small per- 
centage present without recourse to the Smith 
fusion. 
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II. Procedure 


One gram of the powdered sample for analysis 
is weighed into a platinum crucible and mois- 
tened with water. About 20 milliliters of 40% 
hydrofluoric acid and 20 to 30 drops of concen- 
trated sulfuric acid are added, and the crucible is 
placed on the hot plate for evaporation. Four to 
five hours are required to remove most of the 
hydrofluoric acid and to carry away the silicon 
fluoride. The crucible is then more strongly 
heated to fume away the sulfuric acid, decompose 
the fluorides, and make certain the removal of 
fluorine. The open crucible is next heated for ten 
minutes at 800 to 900°C in the flame of a Fisher 
or Méker burner. This treatment converts the 
sulfates of titanium, aluminum, and iron to oxides, 
leaving calcium, magnesium, and sodium as 
sulfates. 

The crucible is then cooled and weighed and 
the weight of the contents recorded. The mix- 
ture of oxides and sulfates is removed from the 
crucible by digestion with hydrochloric acid. It 
is difficult to get complete solution because of the 
slow reaction of ignited oxides with acid, but it 
seems to be unnecessary to obtain complete solu- 
tion before the usual ammonia precipitation. 
R,O;, CaO, and MgO are successively determined 
by the usual methods. 

The R,O;, after weighing, is fused with pyro- 
sulfate, and the melt is dissolved and treated with 
hydrogen peroxide for the detection and estima- 
tion of 

From the above results are calculated the 
weights of CaSO, and MgSO, present in the ig- 
nited residue from the original evaporation. 
These are added to the weight of R,O;, and the 
sum is subtracted from the weight of the residue. 
The remainder represents alkali sulfate from 
which Na,0O is calculated. 

The assumption is made here that the alkali is 
entirely Na,O. This is not, of course, altogether 
justifiable. But the error is only 0.02% for each 
0.1% KO replacing Na,O. Silica is now found 
by difference. 

The method is applicable in 
general to all refractory mate- 
rials that are completely decomposed by hydro- 
fluoric and sulfuric acids. It is especially adapted 
to the analysis of silica brick. Glasses offer some 
difficulty in the ignition because the relatively 
large amount of Na,SO,, forming Na»S,O;, resists 


(1) Applicability 
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decomposition and may require as long as two 
hours to reach constant weight. 

NoTE: It is possible, in the absence of large amounts of 
alumina and alkali, to subject the crucible to a second ig- 
nition at 1100°C, in a reducing atmosphere created by en- 
closing the flame of a Fisher blast burner in a hollowed-out 
insulating brick, and thus to volatilize the alkali completely 
and convert calcium and magnesium to oxides. This step 
is found to add nothing to the accuracy of the method and 
is not recommended. 


Ill. Results Obtained 


Several samples of siliceous materials were 
analyzed according to the scheme outlined (p. 136). 
The results as compared with the usual Na,CO,; 
fusion method are given. The alkali in the latter 
analyses was determined by the J]. Lawrence Smith 
procedure. 


IV. Behavior of Sulfates at High Temperatures 


The decomposition of sulfates by heat has been 
studied by several investigators. Marchal’ deter- 
mined that Al,O; caused rather rapid decomposi- 
tion of Na,SO, above 1200°C, while Na,SO, alone 
showed 4.23% loss at 1300°C for three hours. 
Investigation of the stability of Na,SO, and K,SO, 
by the present writers showed no loss in weight at 
the temperature of heating prescribed in this 
analytical procedure. 

Marchal* also studied the decomposition of 
CaSO,. Pure CaSO, has a pressure of SO; of 8 
millimeters at 1000°C, and 67.7 millimeters at 
1200°C. SiO,, Al,Os, and kaolin raised the 
pressure, and kaolin was found to produce 1070 
millimeters at 1170°C. 

Zawadzki ef al.* reported that CaSO, with 
carbon yielded CaS at 900°C; the latter combines 
with CaSO, to produce CaO and SOQ,. MgSO, 
and carbon above 320°C gave MgO and S0,. 
CO reduced CaSO, almost quantitatively be- 
tween 700° and 900°C, and the CaS decomposes 

1 (a) G. Marchal, ‘“‘ Decomposition of Na2SO,,”’ Bull. Soc 
chim. France, 45, 225 (1929); Ceram. Abs., 9 [10], 832 
(1930). (6) G. Marchal, “Action of SiO, and Al,O; on 
NazSQ,,”” Compt. rend.. 188, 258-60 (1929); Ceram. Abs., 
8 [6], 449 (1929). 

2G. Marchal, ‘“‘Thermal Decomposition of Sulfates,”’ 
Jour. chim. phys., 22, 559-82 (1925) ; sbid., 23, 38-60 (1926) ; 
Chem. Abs., 19, 1167 (1926). 

8 (a) J. Zawadzki, J. Konarzewski, W. J. Lichenstein, S. 
Szymankiewicz, and J. Wachstijuski, ‘‘Decomposition of 
Alkaline Earth Sulfates, I, II, III,” Rocentki Chem., 5, 
488-50 (1925); 6, 120-35, 236-55 (1926); Chem. Abs., 20, 
3142 (1926); 21, 2232 (1927). 

(6) J. Zawadzki, I. Kawalaczewski, and S. Zeromski, 


“IV,” Roceniki. Chem., 8, 358-68 (1928); Chem. Abs., 23, 
1834 (1929). 
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above 900°C to CaO. Budnikoff and Syrkin‘ 
found that CaSO, at 1375°C had a dissociation 
pressure of 1 atmosphere and began above 800°C. 
Bhatt and Watson® and Losev and Nikitin® found 
similar decomposition behavior of CaSQ,. 

The information in the literature indicated that 
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instability of Fe2(SO,)s and Al.(SO,)s is well 
known. 

During this investigation, pure salts were 
heated in an open crucible over a Fisher burner 
for 15 minutes. It was found that Fe.(SO,); and 
Al,(SO,); broke down completely into oxides. 


GLass 
HF-H:SO, Na:CO; 

SiO, 71.8 71.7 

Al,O; 0.6 0.6 

Fe,0; 

CaO 12.9 12.8 

M Trace Trace 

Alkali as Na,O 14.6 14.8 

Ignition loss No data No data 

BUREAU OF STANDARDS 
Brick No. 102 
HF-H:SO, NarCO;* HF-H:SQ; NazCO,* HF-H:SQ; NasCO;s* HF-H:SO« Na:COs 

SiO, 96.45 96.46 96.14 95.94 96.62 96.50 93.99 93.93 
Al,O; 1.57 1.54 1.43 2.20 2.17 
Fe,0; 0.72 0.66 
CaO 1.68 1.82 1.60 2.29 2.29 
M 0.10 Trace 0.05 0.24 0.21 
Alkali as Na,O 0.20 0.10 0.20 0.17 0.35 
Ignition loss No data 0.10 0.13 0.39 0.38 


* Sample and data on silica furnished by R. H. H. Pierce, Harbison-Walker Refractories Co., Pittsburgh, Pa. 


the alkali sulfates were fairly stable, while the 
alkaline earth sulfates were stable only under 
oxidizing conditions. The presence of CO readily 
broke down the alkaline earths into oxides. The 


*P. P. Budnikoff and J. K. Syrkin, “Dissociation of 
CaSO, at Higher Temperatures,” Chem.-Zig., 47, 22 (1923); 
Chem. Abs., 17, 1745 (1923). 

5 L. A. Bhatt, and H. E. Watson, “Decomposition of 
Alkaline Earth Sulfates,” Jour. Indian Inst. Sci., A10, 
117-29 (1927); Ceram. Abs., 7 [10], 706 (1928). 

* K. I. Losev and S. N. Nikitin, “‘Pyrogenous Decompo- 
sition of Gypsum,” Jour. Chem. Ind. {|Moscow], 6, 169-73 
(1929); Chem. Abs., 24, 3089 (1930). 


CaSO, and MgSO, showed no loss in weight. 
Continued heating did cause a slow decomposition 
of the MgSO, to MgO. K,SO, and Na,SO, were 
unaffected by similar heating. 

When the alkaline earth sulfates were heated 
under reducing conditions for one hour at 1100°C, 
complete breakdown to oxides occurred. The 
alkali sulfates were completely volatilized by 
similar treatment, probably as sulfides. 
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OBSERVATIONS ON SPALLING* 


By F. W. Preston H. E. Wuite 


ABSTRACT 


If a sphere of clay at room temperature be immersed 
suddenly in a red hot furnace, spalls fly off its surface. 
These spalls are more or less circular disks, of somewhat 
definite thickness. They do not form instantly, but a 
finite time elapses between immersion and spalling. This 
time interval also is consistent and definite. 

The hotter the furnace, the shorter the time interval and 
the thinner the spall. 

According to the experiments, the thickness of th «spall 
is proportional to the square root of the time interval; 
it is also inversely proportional to the fourth power of the 
absolute temperature. The first relation implies, appar- 
ently, that the controlling factor in the clay is the thermal 
diffusivity; the second relation implies that the connection 
between the clay and the furnace is radiant heat. Both 
implications seem entirely sensible. 

The addition of an inert material of relatively high 
diffusivity accentuates the réle that this factor plays in the 
resistance to spalling of clayware. These experiments 
were carried out by adding SiC flour in increasing amounts 
to the clay batch. 

The views of the Refractories Division are sought before 
extending the work to geological problems. 


Part I 


By Frank W. Preston 


I. A Spall Defined 


A “‘spall’’ is a piece of stone larger than a 
“chip,’’ but small in comparison with the stone 
from which it comes. With a hammer one may 
knock a spall from the edge of a brick, but if one 
breaks the brick into two equal halves, the halves 
are not spalls. 

A spall is properly a flake-shaped piece; it is 
thin one way, namely, in a direction perpendicular 
to the original face. Equi-axed fragments are 
not properly spalls. When a bricklayer trims 
half an inch from the length of the brick with his 
‘ hammer, the fragments are spalls. The chips that 
came off the edge of many a paleolithic flint 
spear-head were small spalls (Fig. 1). They were 
little flakes. The conchoidal (shell-like) flake 
that came off the piece of optical glass shown in 
Fig. 2, when it was hit on the corner by a hammer, 
was a spall. 

Spalls may be made mechanically or may be 
produced by changes of temperature. The brick- 


* Presented at the Annual Meeting, AMERICAN CERAMIC 
Society, Cincinnati, Ohio, February, 1934 (Refractories 
Division). 
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layer and old stone age hunter are concerned 
mainly with the mechanical spalls. The average 
ceramist is concerned more with thermal failures. 

The relative size and the flaky shape of spalls 
have been stressed because ceramists are using 
the term “‘spalling” in too broad a sense. They 
are beginning to speak of any fracture, arising 
from thermal causes, as spalling. If a block of 
refractory cracks through the middle, that is not a 
spall in the proper sense of the word; and this is 
true whether the crack arises from a hammer blow 
or from thermal shock. A spall is a flake from 
the surface. 

This is not a matter simply of the King’s 
English because the mechanism of a true spall, a 
surface flaking, is not altogether identical with the 
mechanism of other thermal fractures. It is 
necessary for the discussion that follows to have a 
clear definition of what the present writer at least 
means by a “‘spall.”’ 

There is a further characteristic of spalls that 
will probably be conceded to be a fundamental 
feature. Spalls must “‘fly off.” That is, they 
must form somewhat suddenly and with enough 
violence to make at least something of a “‘pop’’ 
or audible noise. A crack opening slowly and 
silently in drying mud or cooling glass is not a 
spall. 

The distinction between spalls proper and major 
fissures may be brought out by a simple experi- 
ment. A number of spheres of clay free from 
grog were made up about 3 inches in diameter. 
They were dried for two or three weeks at 100°F. 
A cubical electric furnace, with a space some 6 
inches cubed, was then heated toa steady tempera- 
ture, usually between 900°F and 1800°F. A clay 
ball, supported on a mesh of “chicken-wire”’ 
(wire netting), was then suddenly introduced into 
the middle of the furnace in such a way that it 
nowhere touched the furnace walls or floor but 
merely received radiant heat from them. 

At the higher temperatures (1500°F and up- 
ward) only a few seconds elapsed until a violent 
popping began, as spalls were flung off from the 
surface. The ball was then withdrawn as quickly 
as possible and it was found that a number of 
pockmarks, perhaps '/, inch in diameter and a 
few hundredths of an inch thick, had been formed 
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in its surface where spalls had been thrown off 
(Figs. 3 and 3a). 

If somewhat lower temperatures were used 
(1400°F), the time required for spalling to start 
was longer and the spalls that formed were thicker. 


Fic. 1.—Mechanical spalls. Reading from left to right, 
Nos. 1 and 3 are Redskin arrow-heads of flint of the paleo- 
lithic type; Nos. 2 and 4 are glass replicas chipped by 
George P. Riggs of St. Marys, W. Va. (Photograph by 
H. E. White of Zelienople, Pa.) 


If still lower temperatures were used (1200°F), 
the time was still longer and the spalls still thicker; 
but a new phenomenon now appeared. The first 
crack to form was not a spall at all, but a diametral 
fissure dividing the sphere into halves (Fig. 


Fic. 2.—Mechanical spall. A “conchoidal”’ fracture 
on a block of optical glass. (Photograph by W. M. 
Hampton, Chance Brothers, W. Smethwick, England. ) 


4). Frequently two subsidiary fissures would 
develop, dividing the hemispheres into quadrants 
(Fig. 5). These hemispheres or quadrants did 
not fall apart completely except on jarring, but 
they provided an open face from which true spalls 


could, and often did, start. At the lowest tem- 
peratures at which diametral fissures formed, 
there was sometimes no spalling proper. 

At temperatures of about 1000°F, no fissures of 
any sort formed because the stresses developed 
by sudden heating were not sufficient to produce 
fractures, either spalls or major cracks. 

At the highest temperatures used (1700°F or so) 
diametral fissures never formed and spalling was 
very violent; spalls were thrown off with enough 
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Fics. 3 and 3a.—Thermal spalls. Pockmarks on a clay 
sphere suddenly heated, causing circular spalls to fly 
off violently. After the first circular flake flies off, others 
fly off contigrous to its margin, so that a group or cluster 
of the pockmarks tends to form. The pockmarked sur- 
face is a few hundredths of an inch below the level of the 
rigid surface. 


Fic. 4.—Thermal spalls. A semi-diametral crack, 
having some of the properties of a large pockmark spall. 
The rim is much deeper than in Fig. 3, but equally well 
defined. The fracture is produced at a lower temperature. 


Fic. 5.—Diametral fractures. Low-temperature effects. 
There is an effort made to divide the ball into quadrants. 


violence to hit the ceiling of the room, if given a 
chance. 

It became apparent, as expected, that the time 
required to spall was less as the temperature was 


higher; and as the spall forms for the purpose of* 


separating the heated rind from the cold core and 
thereby relieving the stress, the thickness of the 
spall was less as the time required to spall was less; 
or, the spalls were thinner at the higher tempera- 
tures. 

There was no great difficulty in timing the 
interval between immersing the ball in the furnace 
and the sound of the first “‘pop.’’ This is known 
as the “time required to spall.’’ In general there 
was no difficulty in recovering a fair collection of 
spalled fragments and in measuring them with 
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the micrometer. Some variation of thickness 
was, of course, found, but there was a fair measure 
of uniformity and a reasonable mean of a dozen 
measurements was usually adopted. 

In Fig. 6 the time required to spall is plotted 
against the temperature difference between fur- 
nace and ball core. The curve is more or less of # 
rectangular hyperbola: it is asymptotic to a ver- 
tical line at about 1000°F temperature difference, 
and presumably asymptotic to the horizontal axis, 
t= 0. 

In Fig. 7, the time required to spall is plotted 
against the thickness of the spall formed. The 
curve among the observed points is drawn accu- 
rately as an ordinary quadratic parabola with its 
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Fic. 6.—Time to spall plotted against thermal-shock 
temperature. 


vertex at the origin and passing through the 
most remote observed values. It seems to fit the 
other observed values as accurately as any arbi- 
trary line could, and it would therefore seem that 
the thickness of the spall is proportional to the 
square root of the time required to spall. 


II. The Mechanism of Spalling 


The effect of suddenly heating the sphere on the 
outside is to produce a rind in tangential compres- 
sion and a core in radial tension. This is a some- 
what simplified conception of the stresses, but is 
correct as far as it goes. 

If the heating be very sudden and severe, the 
stresses are initially much more severe in the 
rind than in the core. In fact, if the sphere be 
large, practically all the strain-energy is, for the 
first few seconds, concentrated in the rind. This 
energy is mainly compressional energy and glass 
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and ceramic ware at room temperature do not 
fail in compression. A dilemma thus arises: the 
highly stressed parts are stressed mainly with 
a stress that does not produce fracture. The 
parts that are stressed with a tensile stress (which 
alone induces fracture) are not stressed heavily 
enough to fracture. 

It therefore comes about that sudden heating 
does not produce instantaneous fracturing. The 
initial system of stresses is not of the type to pro- 
duce fracture. There is a delay of quite definite 
amount while the stress system, so to speak, pene- 
trates further into the specimen. 

In several of the instances tabulated and 


graphed the delay was over 50 seconds. In an- 
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Fic. 7 —Time to spall plotted against thickness of 
spall formed. 


other series of tests instances were found of delays 
of 110 seconds. 

It is often convenient in analyzing the fracture- 
needs of an over-stressed brittle substance to con- 
sider not so much the stresses as they exist before 
fracture, but the strain-energy system and the 
effect of different sorts of fracture on releasing 
strain energy. 

In the present instance there is a rind that wants 
to expand and a core that wants to stay of its 
original size. Evidently, if the rind could part 
from the core, forming a spherical shel] detached 
from and slightly larger than the core, a good deal 
of strain energy could be released. Thus, parting 
along the interface of core and rind is one of the 
primary objectives of spalling when the spalling 
is due to sudden and violent heating of a body. 

But this parting will not release all the strain 
energy. The core will be left stressless, but the 
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rind at the moment of spalling is hotter on the 
outside than on the inside, very much hotter. In 
consequence, the spherical shell assumes a size 
appropriate to its mean-radius temperature; this 
leaves the outside of the shell still in compression 
(though not so much so as when it was attached to 
the core) and the inner face of the shell is in ten- 
sion. The shell therefore breaks into pieces from 
the inside outward. In practice, instead of first 
forming a shell and then breaking into pieces, the 
pieces fly off from the core in the form of true 
spalls, more or less circular flakes, half an inch or 
so in diameter and a few hundredths of an inch 
thick. 

By breaking down into sufficiently small frag- 
ments of this sort, the spalls can flex and release 
their strain energy almost completely. 

Note: The author gives here a little mathematical 
exercise for those that like it. There has been in the past 
too much parade of mathematics and too little descriptive 
natural history in dealing with fractures and failure gener- 
ally, and the writer sets no great store by the mathemati- 
cal parts of this paper. 

In the first few seconds after heating, the tem- 
perature distribution in the sphere may be con- 
sidered as (1) a uniform temperature throughout 
the core, and (2) a uniform temperature gradient 
through the shell. 

Let § be the total temperature difference 
through the shell, whose thickness is d, elasticity 
E, coefficient of expansion a. Let the core be 
very massive in comparison with the shell. 

Then before fracture, the maximum strain de- 
veloped is af. The strain energy per unit vol- 
ume at the extreme surface is E(a#)?/2. The 
strain energy of the shell as a whole is propor- 
tional to E(ad)*/d. 

This energy is expended primarily on providing 
an interface between rind and core, and this inter- 
face is of substantially constant size, whether the 
spall be very thin or only moderately thin, be- 
cause the core is supposed to be by far the more 
massive part and to occupy virtually the whole 
volume of the sphere. Unfortunately, not all the 
energy is expended on this interface, for the 
fragments fly off with kinetic energy. Thus, the 
strain energy released can not be equated to the 
surface energy produced. If this could be done 
then it follows that spalling will take place when 
E(a6)*d reaches a given value, and in that case 
is constant. 

Thus if, with a temperature-difference of 
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1100°F, the spall thickness is 0.13 inch, then with 
a temperature-difference of 1600°F, the spall 
thickness should be 0.06 inch. As a matter of 
fact this is nearly in accord with observations. 
The mathematical work, however, rests on very 
insecure foundations. 


Ill. Heating Fractures Other Than True Spalls 


(1) Diametral These occur when the tempera- 
Cracks ture-difference is comparatively 

small. The temperature gra- 
dient works in a long way, without developing 
the ability of the rind to spall. A point is 
reached at which the radial tensions of the core 
cease to be negligible. The core then fractures 
diametrally with a faint “pop.” This fracture 
runs with moderate violence throughout the core, 
but tends to stop at the edge of the rind, for the 
rind was initially in compression and, although 
this compression disappears on the release of the 
core tension, it does not change to a stress of a kind 
to encourage fracture too much. 

Accordingly the diametral fracture comes to a 
partial halt and if it completes its journey to the 
outside, it does so more quietly, and leaves a very 
distinct rim-mark showing the approximate loca- 
tion of the core-margin. 

The strain energy of the core can not be entirely 
released by one diametral fracture: therefore, it 
will frequently be found that others form, dividing 
the sphere into quadrants. 

If spalls form, as well as diametral fissures, they 
are of a thickness substantially equal to the thick- 
ness indicated by the rim-mark on the diametral 
fractures. 

In the tests of the writers, spalls tended to form 
on the upper and lower faces of the sphere and 
not on the sides. This was due undoubtedly to 
the fact that electric heating’ elements were on 
the upper and lower faces of the cubical furnace. 
Thus, the heating of the spheres was not uniform 
all around, though probably more so than in most 
furnaces. 

The diametral fissures tended to form mainly on 
vertical planes. This, it seems reasonable to as- 
sume, was due to the same cause, for the sphere 
would be stretched more in the horizontal direc- 
tions than in the vertical, and this would produce 
fractures at right angles to the horizontal plane. 

The spalling of refractories on sudden heating 
is a somewhat more difficult operation than crack- 
ing them by sudden cooling. In the latter case 
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the outside goes into tension and tensile fractures 
like to begin at an outer face. 

In the case of glass, it is practically impossible 
to crack a sphere by sudden heating. Joffé tried 
it' and found that the glass would stand internal 
stresses of many hundreds of thousands of 
pounds per square inch. Even so fragile a thing 
as rock salt will stand the most violent sudden 
heating. Refractories are not quite so stubborn 
as they commonly have all sorts of internal dis- 
continuities. 

IV. Discussion of the Experimental Results 

Two graphs are given, one connecting time-to- 
spali (7) with thickness of spall (ZL), and the 
other connecting time-to-spall (7) with difference 
of temperature (9) between furnace temperature 
and initial (or “‘core’’) clay temperature. 

The first graph shows that T is proportional to L*, or 

T = (1) 


This is logical, since the thickness of the spall is 
believed to be the depth to which the heat has 
just penetrated, and this depends on thermal 
diffusivity, x. «x has the dimensions L*7-'; and 
thus C = 1/Ax, where A is a universal constant. 


Then T = top 


Ak (1a) 


In the second graph, convert to absolute tem- 
perature by adding 540°F to the abscissa, and call 
the new abscissa @ (absolute Fahrenheit degrees) : 
as just stated, @ = 540 + 6. 


It will then be found from the graph that 7@* = con- 


stant = B (2) 
Substituting from (1) L*%* = B/C, or Le* = V/B/C = 
constant. (3) 


The logic of this is apparent, for @* measures the 
rate at which heat is received by the clay from the 
furnace. It gets it by radiation and (assuming 
black body conditions), 


Q = (quantity of heat received by 1 sq. cm. of clay per 
sec. 
= Ké*, where K is the Boltzmann constant. 


The body (clay) re-radiates an amount, K6‘, 
where 4 is its own temperature, but this amount of 
energy is negligible when we are dealing with 
furnace heat on the one side and room temperature 
(or nearly that) on the other. 

The heat received nearly all goes into raising 


1A. F. Joffé (translated by L. B. Loeb), Physics of Crys- 
tals, McGraw-Hill Book Co., New York, 1928. 
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the temperature of the rind, the part that will 
spall if the heat is sufficient. A little of it is 
converted into strain energy (which is the thing 
that causes failure), but it is an insignificant frac- 
tion of the whole. 

The total heat received by 1 square centimeter 
in time, 7, is Q7, and it sinks in to a depth, L, 
given by T = CL’, so that in terms of the depth 
of penetration 

H = QT = COL? (4) 


We have to assume that in the case of sudden 
and violent heating, the heat gradient in the rind 
is linear, being (say) 6 + % at the surface, and 
6) at the inner boundary of the rind. This ap- 
proximation is not a bad one for violent heatings. 

Let o be specific heat of clay: p, its density. 

The average excess temperature of the rind is 
6/2, and the sensible heat therein per square 
centimeter of surface is 


(Vol. per sq.cm.) X density X sp. heat X av. excess temp. 
= Lped,/2 (5) 


But this is substantially equal to the total heat 
received, as given by equation (4). 


Therefore, COL? = Lpe@,/2, or 6, = ane (6) 


It will be convenient to substitute for Q its 
value Ké@*, and we then get 


6, = —— - OL (7) 

This gives the surface temperature of the sphere 
when the heat has penetrated to a depth, L. 
When the clay spalls, we can (afterward) find 
L by measurement, and therefore we can calculate 
6, at this instant. 

However, we have already established that #*L 
is a constant (at spalling), viz. = +/B/C from 
equation (3). 

Therefore @, = 4 = VBC (8) 

B and C are constants of the material found 
from the graphs; p and o are constants of the 
material. X is the universal Boltzmann constant. 

Hence, 6 is a characteristic temperature of the 
clay surface at which spalling occurs. 

Whatever the furnace temperature, the clay 
survives until its surface reaches the temperature 
6, and then it spalls. 

Returning now to equation (7): at any par- 
ticular furnace temperature, @, for a given clay is 
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proportional to L; and L in this equation is the 
depth to which the heat has penetrated at any 
time, not necessarily at spalling time. 

It follows that at a given furnace heat, there is a 
particular temperature gradient 6,/L that is es- 
tablished at the start. The heat soaks in further 
as time goes by, but the gradient is constant. 

This gradient varies as the fourth power of the 
furnace temperature (from equation 7). 

Note: These results are approximations, and are 
more nearly true in proportion to the suddenness and 
violence of the heating. With slow heating, the gradient 
is substantially exponential. 

The heating cf the rind throws it into compres- 
sion. 

If a be coefficient of expansion, and E, Young’s 
modulus, the stress developed at the skin is 

Eat, = f. (say) (9) 


And since the clay spalls at constant 4, it 
spalls at constant /,. 


Excess skin temperature, 
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Mechanism of spall formation on sudden heating. 


In other words, the clay spalls when a particular 
compressive stress in the skin is reached; this 
compressive stress may be calculated from equa- 
tions (9) and (8). 

But a compressive stress can not of itself break 
the clay. Clay does not fail in compression, but 
only in tension, and the question is therefore 
raised as to how these tensile stresses can arise. 
The process of spalling seems to the writer to be 
as follows: Heat soaks down to the dotted line 
in Fig. 10 (2). A flaw, lamination, or weakness 
is found at P in Fig. 10 (6). The rind wants to 
arch up and does so, Fig. 10 (c), extending the 
flaw. The reflexed arch at Q is now in tension 
on the underside, and cracks through, as at 
(d), or more correctly, as at (d2). 

The process is catastrophic. It is hard to get 
any leverage on the little flaw, P, but the leverage 
increases as the flaw extends, and the spall finally 
bends up with violence. It is easy to see that as it 
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springs from configuration (c) to that of (d), it 
gives itself a sudden push outward, and therefore 
flings itself off with projectile-like violence. 

In the absence of an initial flaw or weakness 
such as P, spalling by sudden heat is impossible. 
That is the reason why spheres of homogeneous 
rock salt or of glass can be immersed suddenly in 
molten metals at a great heat and not spall. 

It seems that the tension causing spalling, that 
is, the tension in the refractory immediately 
around the weak zone, P, must increase with in- 
crease in the size of the discontinuity, P. 
Therefore, this tension can not readily be calcu- 
lated from the surface compression, f,. We must 
assume that the refractory’s texture is such that a 
great number of such discontinuities as P exist 
here, there, and everywhere, and that they average 
around a particular size, and that therefore the 
relation between the tension developed and the 
compression, f,, is substantially constant for a 
given refractory. This would cxplain, in general 
terms, the observation that f, is in fact of constant 
value when spalling occurs. 

It may be observed here that not only the size 
of the discontinuity, but its shape, is important. 
If the discontinuity be a spherical cavity, it will 
have to be much larger than a thin lamination 
parallel to the surface in order to be equally 
effective in starting a spall. Thus, a coarse- 
grained refractory full of rounded spongy holes 
may be stronger than a fine-grained one if the 
latter has laminar cavities. 


V. Other Miscellaneous Conclusions 


At spalling, the heat energy per cubic centimeter 
of spall is constant, viz., CQL. At spalling, the 
strain energy per cubic centimeter of spall is con- 


stant, viz., Ea’*é,?. 


The velocity with which spalls fly off should be 
E 


(as a maximum) v = af, ¢/—, and this seems to be 
p 


independent of size of spall, whieh is rather re- 
markable. Apparently @ could be calculated 
from this formula. 

In the foregoing, some formulas are valid from 
first principles or from experiment: but others 
are approximations based on a linear thermal 
gradient, which can never be exact. 

Note: The coefficient of expansion, a, used in equa- 


tion (9) is there treated as an ordinary reversible linear 
coefficient of expansion. In most materials, the situation 
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is complicated by irreversible chemical or physical changes 
which take place on heating and involve sudden changes 
of length and volume. While this does not affect the 
original experimental results, regarded as purely empirical 
matter, and while it does not affect the mechanism of 
spalling envisaged in Fig. 8, it may easily affect the 
mathematical part of the argument. This argument may 
either be inadmissible, or it may be admissible subject to 
amendments. 

Tentative solutions of certain geological problems have 
been arrived at in conjunction with Professor Blackwelder 
of Leland Stanford, and Dr. Insley of the Bureau of Stand- 
ards, but the preliminary results are presented now in the 
hope that members of the Refractories Division may be 
able to assist with their experience. 


Butver, Pa. 


Part II 


By H. E. Wuire 


In the progress report on the investigation of 

sagger clay,’ Heindl refers to data presented by 
- Norton and Booze and Phelps, indicating a pos- 
sible relation between resistance of firebrick spall- 
ing and the three factors, (1) modulus of elasticity, 
(2) thermal expansion, and (3) rate of tempera- 
ture change or diffusivity. The statement is 
further made that diffusivity has been disregarded 
in this work. Norton states that diffusivity is 
not usually an important factor in the tendency of 
refractory materials to spall and gives a series of 
values for diffusivity of a number of fireclay brick 
which indicate a relatively small variation in this 
property under like conditions of heating. 

Any one handling materials of high thermal con- 
ductivity has noticed their tendency to resist 
spalling. 

Working along the lines that Dr. Preston has 
described, an investigation was made of the 
difference in spalling properties of materials of 
varying diffusivity and of relatively high dif- 
fusivity. Different materials were tried: fused 
mullite, crystalline alumina, and silicon carbide. 
It was found, of course, that silicon carbide 
which has a higher thermal conductivity than the 
other materials gave the widest range. 

Three-inch spheres were made up similar to 
those worked with in the first half of this paper. 

Granular materials of approximately 16-mesh 
mixed with bond clay were tried first. These 
were fired to normal firing temperature but it was 
not found possible to break them at the first 


?R. A. Kumdl and W. L. Pendergast, Jour. Amer. Ce- 
ram. Soc., 10 [7], 524 (1927). 


OBSERVATIONS ON SPALLING 


143 


cycle at normal attainable temperatures in 
laboratory furnaces. 

This brings out another feature of the usual 
spalling test. In the panel spalling furnace, which 
simulates operating conditions quite closely, the 
face of the brick undoubtedly undergoes a ther- 
mal chemical change. It is generally admitted 
that failure occurs from this face breaking off. 
In order to overcome this tendency for gradual 
change by repeated heating and to make a study 
of true spalling it was necessary to have frac- 
tures occur at the first cycle. For this reason it 
was necessary to select the compositions of the 
materials worked with and also the physical state 
or temperature of firing and drying with this in 
view. 

The first set of spheres was made using vary- 
ing amounts of silicon-carbide flour and raw bond 
clay. The spheres were dried at 240°F and first 
tested in a gas-fired furnace at a temperature of 
1450°F. No breaks or spalls occurred at this 
temperature which was higher than that necessary 
to start spalling in the earlier work but a different 
bond clay was used having a higher dry strength. 
This test minimized the indication that combined 
water in the clay alone might cause the popping 
off or spalling in the earlier work. Undoubtedly 
the combined water plays a part, but a rather small, 
part. If it were to be driven off it would be neces- 
sary to bring the spheres to such a temperature 
as to cause a change in state of the clay, increase 
the bond between the particles, and raise the 
furnace temperature so high that reasonably 
accurate observations could not be made. 

The spheres containing the varying amounts of 
silicon-carbide powder were then tested in a fur- 
nace at a temperature of 2250°F. The results 
are shown in curve 1, Fig. 11, and curve 2, Fig. 14. 

A set of these spheres was then calcined at 
1450°F for an extended length of time and the 
test repeated. The first two having the lower 
concentration broke diametrally, the first one 
breaking into small pieces, the second breaking in 
two complete halves. The other three of the still 
higher SiC content did not crack. There can be 
no doubt of the higher diffusivity of the material 
when these tests were run as those of the higher 
silicon-carbide content came from the furnace as 
a glowing ball and remained hot for an extended 
period of time. 

Another set of spheres was made up with vary- 
ing amounts of silicon carbide, using bond clay, 
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calcined and finely pulverized, as a filler. The 
raw clay was then kept constant at 10%. 

These spheres were tested in the same manner 
and after two minutes in the furnace at 1450° 
did not show signs of spalling the same as the 


first set. Upon ex- 

Lg amination, however, 
it was found that 
these spheres were 
3 peg actually fractured and 
had a loose rind, the 
thickness depending 
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upon the concentra- 
tion of the silicon car- 
bide. This is graphi- 
cally shown in Fig. 12 and in curve 3, Fig. 11. 

This test was repeated with the furnace at 
2250°F. The result is shown in curve 4, Fig. 11. 
The spalls were thicker at the lower concentration 
but were almost exactly the same at the higher 
siticon-carbide content as those shown in curve 3 
(see Fig. 13). 

This set of spheres was also calcined at 1450°F, 
and the test was repeated at 2250°F. These 
spheres all broke diametrally but in increasing 
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time depending upon the content of the silicon 
carbide (see curve 5, Fig. 14). 


Effect of Diffusivity on Spalling 


Part II of this paper is given merely to show 
the effect of diffusivity on spalling. A study 
of the attached curves seems to show that the 
diffusivity is a definite factor. 

The introduction of the greater amount of bond 
clay in the first set of spheres resulted in a variable 
of increased strength being introduced. The use 
of the calcined clay filler overcame this to a large 
degree. 

Several equations have been given to show the 
resistance to thermal rupture of materials. The 
oldest and most frequently quoted perhaps is 
that of Winkelmann and Schott.’ 


PVk 
Eav/ pe Ea 


R= 


a = coefficient of expansion p = density 
« = thermal diffusivity 

P = tensile strength 

k = thermal conductivity 


= specific heat 
E = modulus of elasticity 


Fic. 13 


This does not seem logical as R would be ex- 
pressed in degrees times 
length divided by the 
square root of time, 
whereas if diffusivity is 
dropped the expression 
is considerably simpli- 
fied, and R is expressed 
in degrees. This does 
not seem just, however, 
as diffusivity, time, and 
size are not considered. 
The following formula 
is therefore suggested: 


0 0 #0 & 
Time required fo short spalling - sec. 
Fic. 14. 


M = modulus of rupture « = thermal diffusivity 

E = modulus of elasticity 7 = time 

a = coefficient of linear D = diameter 
expansion a = constant 


In which R is still expressed in degrees. 

Hampton,‘ in his work on glass, shows the rela- 
tion between breaking temperature and thickness. 
An indication of this was given earlier in Winkle- 
mann and Schott.’ Heindl® discusses the effect 
of the porosity of the specimen; a, in the above 
equation, may be conceivably as high as 4 for 
some materials. This is questionable when ap- 
plied to refractories as it minimizes the effect of 
diffusivity too much, and 2 is probably more 
nearly correct. 


* Annalen der Physik und Chemie, 51, 730 (1894). 

E. Gould and W. M. Hampton, ‘Theoretical En- 
durance of Glass,” Jour. Soc. Glass Tech., 14, 188 (1930). 

5 See footnote 2. 
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Abrasives 


Polishing Monel metal and pure nickel. Henry R. 
Power. Metal Cleaning & Finishing, 6 [2], 76-77 
(1934).—The artificial abrasive, electrically fused alumi- 
num oxide, because of its property of fracturing when it be- 
comes dull thus presenting new sharp cutting edges at all 
times, possesses ideal characteristics for polishing and buff- 
ing Monel metal and nickel. Due to the low thermal con- 
ductivity of these metals, a sharp, clean abrasive must be 
used which will cut with a minimum of pressure and pre- 
vent localized heating which would cause discoloration of 
the piece. E.J.V. 

Abrasives. V. L. Earpiey-Wimmor. Mineral Ind., 
41, 1-12 (1932).—Sources, output, and fields of use of 
various abrasive materials are discussed. See also Ceram. 
Abs., 10 {3}, 164 (1931). (C.A.) 

Measurement of frictional wear of hard surfaces. N. 
Sawing. Génie civil, 103 [11], 254-57; [12], 278-80 
(1933).—The Skoda-Sawine apparatus, based on applica- 
tion of the rotating disk, is used. Results of tests on ferrous 
materials and hard alloys are given. (B.B.N.F.M.R.A.) 


BOOK 


Buffing and Polishing Methods. Lea Mrc. Co., 
Waterbury, Conn. 56 pp. Reviewed in Metal Cleaning 
& Finishing, 6 (2), 84 (1934).—This handy reference book 
contains detailed information on finishing. The use of dry 
abrasive-coated wheels with a flexible surface to replace 
set-up wheels in finer number is described. E.J.V. 


PATENTS 


Thread tool grinding machine. JoHN Epcar (Barber- 
Colman Co.). U.S. 1,947,466, Feb. 20, 1934. 

Centerless work feed. Herman Isiter (Cincinnati 
Grinders, Inc.). U.S. 1,948,113, Feb. 20, 1934. 

Grinding and polishing device. Erich Porcce.. U.S. 
1,948,128, Feb. 20, 1934. C.L. Hawes. U.S. 1,950,030, 
March 6, 1934. 

Abrasive stick holder. S. M. Hersney (Albert P. 
DeSanno, Sr.). U.S. 1,948,266, Feb. 20, 1934. 


1 The bold-face number following the journal is the volume, 
the issue number is in brackets, followed by the page numbers, then 
the year in parentheses. 
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Centerless grinding machine. (B. S. 
A. Tools, Ltd.). U.S. 1,948,392, Feb. 20, 1934. 

Honing machine. J. P. Ferris (Oilgear Co.). 
1,948,468, Feb. 20, 1934. 

Abrasive tool. F. E. Bertranp (United Shoe Machin- 
ery Corp.). U.S. 1,948,643, Feb. 27, 1934. W. A. Reep 
(United Shoe Machinery Corp.). U. S. 1,948,674, Feb 
27, 1934. 

Grinding machine having motor driven wheel spindle. 
H. W. Dunsar (Norton Co.). U. S. 1,948,848, Feb. 27, 
1934. 

Die grinder. 
1934. 

Grinding machine. H.L. Bioop (Heald Machine Co.). 
U. S. 1,948,899, Feb. 27, 1934. W. J. Gump (Heald 
Machine Co.). U. S. 1,948,914, Feb. 27, 1934. R. A. 
Heatp (Heald Machine Co.). U. S. 1,948,915, Feb. 27, 
1934. E.M. Tay7or, R. A. Qumpy, R. M. Lipparp 
(Heald Machine Co.). U.S. 1,949,552, March 6, 1934. 
Henry Perazzour. U. S. 1,950,264, March 6, 1934. R. 
N. Heap (Heald Machine Co.). U.S. 1,950,491, March 
13, 1934. W. J. Baumpercer (Micro Corp.). U. S. 
1,950,936, March 13, 1934. 

Grinder attachment for brake relining machines. H. B. 
Barrett. U. S. 1,949,070, Feb. 27, 1934. 

Grinding or abrading machine. H. H. Aspripce 
(Churchill Machine Tool Co., Ltd.). U. S. 1,949,345, 
Feb. 27, 1934. 

Grinding machine table operating mechanism. C. G. 
FLyGarRE (Norton Co.). U. S. 1,949,511, March 6, 1934. 

Lathe for rapidly finishing a rotary work surface. C. H. 
Norton (Norton Co.). U.S. 1,949,512, March 6, 1934. 

Grinding wheel. W. W. Greenwoop (Norton Co.). 
U. S. 1,949,513, March 6, 1934. 

Machine and method for lapping ends of round work 
pieces. F. W. Exstup (Norton Co.). U. S. 1,949,514, 
March 6, 1934. 

Method of turning and grinding round work surfaces. 
C. H. Norton (Norton Co.). U.S. 1,949,515, March 6, 
1934. 

Hydraulic wheel feeding mechanism. H. A. SILVEN 
(Norton Co.). U.S. 1,949,516, March 6, 1934. 


U. 


E. R. Jones. U. S. 1,948,859, Feb. 27, 
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Cylinder grinder. M. C. Hutro (Hutto Engineering 
Co., Inc.). U.S. 1,950,407, March 13, 1934. 

Multiple spindle grinder. E. R. Smirn AND ALBERT 
Scutnxkez (Seneca Falls Machine Co.). U. S. 1,950,524, 
March 13, 1934. 

Resin bonded wheel. F. A. Upper (Bakelite Corp.). 
U. S. 1,950,641, March 13, 1934. Abrasive article com- 
prises abrasive grains and a binder for the abrasive grains, 
the binder constituting the essential means for uniting the 
grains to each other and for imparting regulated strength 
to the article and comprising a resin of thermally irreversi- 
ble character and a modifier for the resin of thermally re- 
versible character for effecting a change in toughness of the 
bond regulated by the ratio of the thermally reversible 
modifier to the thermally irreversible resin without a 
change in the total binder content necessary to even dis- 
tribution of the binder throughout the article and to con- 
trol of the bonding action. 

Dental instrument grinding device. 
U. S. 1,950,824, March 13, 1934. 
Needle-polishing machine. James BAXTER AND WIL- 


SuTER. 


LIAM TIVENDALE (Singer Manufacturing Co.). U. S. 
1,951,232, March 13, 1934. 


Notes on masses suitable for stanniferous enamels. 
V. Lucas. Rev. mat. constr. trav. pub., No. 291, pp. 228- 
31B (1933).—A series of experiments made with faience 
mixes suitable for enamels containing tin oxide is discussed. 
M.V.K. 
Iron sulfide coloring in loam glazes. K. L. Lirzov 
anv G. Brocxs. Sprechsaal, 67 [1], 1-2 (1934).—A series 
of experiments to determine the effect of sulfide on the 
coloring of glazes is described. The results are tabulated. 
M.V.K. 
Ceramic colors and coloring. Modern developments 
in glaze production. Ceramic Cuemist. Chem. Trade 
Jour. [London], 93 [2420], 245-46 (1933).—A description 
is given of (1) blue and purple glazes, (2) chromium and 
copper greens, (3) yellow and orange glazes, (4) titanium 
glazes, (5) results of experiments with copper compounds, 
(6) German patented method for the production of yellow 
pigments to replace cadmium sulfide, Naples yellow, and 
sodium uranate, (7) value of titanium dioxide, (8) red, the 
most difficult glaze color, and (9) a new formula for stone- 
ware glaze (for blue and green tones). M.V.K. 
Measurement of colors and its industrial application. 
René Toussaint. Mém. compt. rend. soc. ing. civils 
France, 85, 743-68 (1932). (C.A.) 
Corrections and changes in the compositions of glazes 
and enamels for majolica and ceramic ware in general. 
Fausto Pozzi. Corriere Ceram., 14, 135-41 (1933).—The 
composition and the coefficient of dilatation of 45 glazes 
and enamels are given. Through qualitative and quanti- 
tative changes of the constituents, glazes and enamels with 
definite coefficients of dilatations are obtained. (C.A.) 
Lead and antimony contents of simple earthenware 
glazes of Bukowina. A. Scumipt. Bul. facultatii stiinte 
Cernauti, 6, 216—21 (1$33).—Sb was not found in the pot- 
tery glazes analyzed, but Pb was present in such amount 
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Abrasive and process of manufacturing. U. M. Binx- 
Ley (Carborundum Co.). U. S. 1,951,233, March 13, 
1934. Granular abrasive material is characterized by 
qualities substantially those of granules crushed from 
pieces of fused alumina at least three times their resultant 
diameter in a single crushing. 

Cylinder grinding tool. F. B. Dexun (Automotive 
Maintenance Machinery Co.). Brit. 405,323, Feb. 14, 
1934, and Brit. 405,617, Feb. 21, 1934. 

Grinding or honing tool for piston pin and like bearings. 
F. B. Dexun (Automotive Maintenance Machinery Co.). 
Brit. 405,427, Feb. 14, 1934. 

Machines for shaping work pieces by grinding, abrading, 
or cutting. E. J. Cross (Dardelet Threadlock Corp.). 
Brit. 405,480, Feb. 14, 1934. 

Abrasive implements. H. V. Potter anp BAKELITE, 
Lrp. Brit. 405,648, Feb. 21, 1934. 

Gaging apparatus for grinding or abrading machines. 
Lanpis Toot Co. Brit. 405,817, Feb. 21, 1934. 

Abrasive bodies. DrurscHze CARBORUNDUM-WERKE 
G.m.B.H. Ger. 571,868, March 8, 1933. Abrasive pow- 
der is suspended in rubber dispersions and hardened. See 
also Ger. 571,436, Ceram. Abs., 12 [9], 321 (1933). (C.A.) 


that dangerously poisonous solutions were obtained when 
the vessels were used to heat dilute solutions of tartaric, 
lactic, and acetic acids, such as are found in wine, sour milk, 
and other foods. The use of Pb-containing materials for 
pottery glazes is condemned. (C.A.) 
Metal deposition on glass. Orro Herrurts. Dia- 
mant, $5 [32], 373-74; [33], 388-89; [35], 410-11 (1933).— 
A detailed description is given of (1) gold plating according 
to Liebig and Béttger, (2) silver plating according to Lie- 
big, Béttger, and Wood; (3) the methods of Lumiere, 
Bary, and Kaiser, (4) reclaiming silver from residues ac- 


_cording to Kundt, Dode, and Vasserot, and (5) copper plat- 


ing of glass. M.V.K. 
Cellulose finishes for pottery. Atpert E. Rosinson. 
Paint Manuf., 3 (5), 125-29 (1933); abstracted in Sprech- 
saal, 66 [48], 819-20 (1933).—Methods for obtaining (1) 
marble and alabaster effects, (2) bird’s-egg speckles, (3) 
ripple finish, (4) spatter finish, (5) aged ivory finish, (6) 


limnate finish, and (7) antique finish are described. Illus- 
trated. M.V.K. 
Board of ceramic art. ANon. Zprdvy Ceskoslov. 


keram. spoletnosti, p. 131 (1932).—A board on ceramic art 
was founded as a branch of the Czechoslovakian Ceramic 
Society to study ancient folklore and modern ceramics. 
R.B. 
Mika Mikoun, sculptor ceramist. ANoNn. Christian 
Sci. Mon., 26 [88], 5 (1934).—M. designs decorative gar- 
den figures and small figures for interior decoration. Asa 
sculptor ceramist, an artist must have (1) training not only 
in modeling and ceramics, but also in geology and chem- 
istry, (2) training in use of color and the technicalities of 
glazes, enamels, and pigments, and (3) a knowledge of clays 
and their uses. E.J.V. 
Chintz patterns on china. ANon. Christian Sci. Mon., 
26 [34], 5 (1934).—English porcelain sets have the chintz 
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pattern in the center of the plate with an ivory white 
border. An American porcelain pattern simulates the 
Paisley shawl design. E.J.V. 
Quimper pottery. Rosert M. McBrive. Christian 
Sci. Mon., 26 [51], 7 (1934).—Quimper pottery is Breton 
faience (Brittany pottery), a heavy earthenware with a 
high glaze of oddly shaped as well as conventional pieces. 
Though the design on each article varies, conventionalized 
flowers, birds, and people being the motifs, each piece har- 
monizes with the other, for the same general style of design 
is followed. Blue and yellow are the predominating colors, 
varied with red, green, and orange. E.J.V. 
History of Dutch stoves. Doprostav Haviix. Stavebni 
rédce, pp. 45-57 (1933).—At Ceské Bud&jovice a stove tile 
with the sign of the stove-fitter’s guild dating it between 
the years 1780 and 1790 has been found. Illustrated. 
R.B. 
Porcelain through the ages. FRANK Rutrer. Chris- 
tian Sci. Mon., 26 [81], 7 (1934).—One of the most beauti- 
ful and valuable collections of china, Oriental and Euro- 
pean, is on exhibit at the house of Sir Philip Sassoon, Lon- 
don, England. Over 2000 pieces loaned from private 
British collections, worth over $3,000,000, are included. 
Outstanding examples of each type of ware are described in 
detail. Illustrated. E.J.V. 
Oldest civilization of Cyprus revealed. P. Drxaros. 
Illus. London News, 183, 1010 (1930).—A neolithic settle- 
ment with pottery has been discovered near Limassol. D. 
is curator of the Cyprus Museum. 16 photographs. 
H.H.S. 
Egyptian materials and industries about 1350 B.C. 
A. Lucas. Analyst, 58, 654-64 (1933).—Faience, glass, 
stone-working, and other industries of the 18th Dynasty 
are described from the chemical side. H.H.S 


BOOKS 


Contribution to the history of faience production at 
Bucovice. Karet Cernonorskt. Edited by J. Rokyta. 


43 pp., 34 illustrations. At the beginning of the 18th Cen- 
tury Buéovice, Moravia, was an important center of faience 
(or pseudofaience) production. The babtiste descendant, 
Jan Langert, who immigrated from Slovakia in 1721, to- 
gether with Simon Nikodem from Hvézdice (1722) and 
Peter Purk (1724), was the first to produce this work. In 
1745 there were four shops at Budéovice, one of them be- 
longing to Bernard Sumick¥, whose descendants continued 
in this work until 1860. The opinion of Jos. Tvrdy (1910) 
that babtists lived in Buéovice in the 17th Century can 
not be maintained. J. Sonntag and G. Bacher (1885) are 
wrong if they assert that there were twenty-five shops at 
the beginning of the 18th Century. In 1768 Budovice was 
an important center of the industry. In 1797 the village 
had fourteen masters and apprentices of the art, and these 
workers produced 15,340 pieces during that year. At the 
beginning of the 19th Century the number of masters and 
apprentices was twenty-five, more than at any other place 
in Moravia. Production rose to 21,500 pieces. During 
this same year at VySkov twenty-three men produced 
98,000 pieces and at ValaS, Meziridi, seventeen men made 
47,300 pieces. In 1836 production began to fall. Only 
three painters and eight workmen were employed at Buco- 


ART AND ARCHEOLOGY 


109 


vice that year. The last master, Jan Sir from Zdanic, left 
Buéovice in 1895, probably moving to Slovakia. The old- 
est known faience product from Buéovice is a mug manu- 
factured in 1726 and now owned by DuSan Jurkovié. 
R.B. 
Mosaics of St. Sophia at Istanbul. Tuomas Wuarrre- 
MORE. 28 pp., 21 plates. Oxford Univ. Press for the 
Byzantine Institute of America, 1933. Reviewed in Times 
Lit. Supp., 32, 919 (1933).—A preliminary report on the 
first year’s work by the Byzantine Institute of America is 
given. See Ceram. Abs., 12 [3], 102 (1933). H.H.S. 
Ceramics at the Museum for Art and Industry at 
Prague. Annual Report, 5 pp., 1932. Large statues of 
Kandler (Meissen) and old Bohemian porcelain and stone- 
ware have been added to the collection. R.B 
The babtiste “S41” of 1605 in the collection of the 
Municipal Museum at Ceske Budéjovice. Karet Cerno- 
HORSKY. From the Annual Report, Municipal Museum, 
Ceske Budéjovice, 5 pp., 1926-31.—A rare ceramic dish 
from the Museum is described. Such white-glazed carved 
dishes, which were called ‘‘sals,”’ had the value of precious 
metals. They were produced during the years 1598 to 
1694 by Czech babtists in the Italian Faenza manner. 
Illustrated. R.B. 


PATENTS 


Design for bottle. E. W. Fuerst (Fleischmann Distill- 
ing Corp.). U.S. 91,520, Feb. 20, 1934. E. W. Fugrsr 
(National Distillers Products Corp.). U.S. 91,561, Feb 
20, 1934. W. R. Leacu (Carr-Lowrey Glass Co.). U.S 
91,528, Feb. 20, 1934, and U. S. 91,670, March 6, 1934 
C. K. Suwon (Dominion Distilleries, Inc.). U.S. 91,638, 
Feb. 27, 1934. Witt1am Guver (Schenley Products Co., 
Inc.). U.S. 91,653, March 6, 1934. H. L. Luty (Conti- 
nental Drug Corp.). U.S. 91,677, March 6, 1934. N. F. 
Srever (Owens-Illinois Glass Co.). U.S. 91,691, March 6, 
1934, and U. S. 91,740, March 13, 1934. A. M. Crarx 
(Whitall-Tatum Co.). U.S. 91,704, March 13, 1934. E 
W. Howe (Owens-Illinois Glass Co.). U.S. 91,712, March 
13, 1934. 

Design for plate. Yuxro Buma (Morimura Bros., Inc.) 
U. S. 91,602, Feb. 27, 1934. R. L. Marwepe (Rosenthal 
China Corp.). U.S. 91,633, Feb. 27, 1934. Jonn Berc- 
NER (Trenle China Co.). U.S. 91,643, March 6, 1934. 

Design for perfume bottle and base ensemble. Martin 
pe Bore.no. U. S. 91,609, Feb. 27, 1934. 

Design for casserole, bowl, etc. L. E. He_uMANn 
(Continental Ceramics Corp.). U. S. 91,623, Feb. 27, 
1934. 

Design for dish. L. E. Hettmann (Continental Ce- 
ramics Corp.). U.S. 91,624, Feb. 27, 1934. 

Design for pitcher. L. E. Hetitmann (Continental 
Ceramics Corp.). U.S. 91,625, Feb. 27, 1934. 

Design for water-closet bowl. W. C. GROENIGER. 
U. S. 91,696, March 6, 1934. 

Hardening and waterproofing compound for cement and 
concrete mixtures. R.E. A. De Bow (Acqua-Pruf, Inc.). 
U. S. 1,951,186, March 13, 1934. A cement composition 
comprises a cement mixture including calcium chloride, 
amorphous silica, sodium silicate, and impalpable fillers 
suspended in an aqueous tannin solution. 
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Cements 


Presence of silt and clay in sands used in cement 
mortars. D. G. R. Bonnett. Jour. Soc. Chem. Ind. 
[London }, 53 [8], 54-57T (1934).—B. describes two meth- 
ods for determining the amount of clay present in sard used 
for aggregate in cement mortars. A diagram of the ap- 
paratus is shown and detailed directions for making the 
tests are given. Tests were made to determine the in- 
fluence of the clay on the strength of cement mortars. The 
results indicate that up to about 7% of clay reduces the 
tensile strength about 15 to 25% of the strength attained 
with the clean sand. A clay content of 13% is necessary 
to give reductions in strength of 50%. A.J.M. 

Comparison of magmatic and nonmagmatic silicate 


Centr. Mineral. Geol., A, 219-25 
(1933).—Slags from various anthracite coals all contain 
well-crystallized basic plagioclases as the chief component. 
Pyroxenes (hedenbergite-diopside) and magnetite also 
occur frequently. These slags are closer in mineralogical 
composition to feldspathic basalt than any previously re- 
ported. Further examination of slags should aid in the 


systems. Leo Kocna. 


study of magmatic differentiation. (C.A.) 
Portland cement rich in magnesia. Hans KUHL AND 
Ernst Lupwic Meyer. Tonind.-Zig., 58 [1], 6-8; [3], 
27-29; [4], 40-42 (1934).—Alll observations show that it is 
possible to produce volume stable, sintered cements rich in 
magnesia of the Portland type. M.V.K. 


Enamels 


Report of preliminary investigation of thermal properties 
of porcelain-enameled steel. ANON. Enamelist, 11 [5], 
11-12 (1934).—A detailed description of comparative tests 
of the insulating value of porcelain-enameled steel and In- 
sulite is presented. Results show that the enameled sheets 
are about half as good as '/; in. of Insulite as protection 
from radiant heat. The thickness of the enamel coat seems 
relatively unimportant, probably because of the layer of 
bound air next to the test sheet; advantage should be 
taken of the layer of bound air by trying the effect of two 
enameled sheets placed close together with only a thin 
space (about '/,; in.) between. E.J.V. 
Investigations and observations on the strength of cast 
‘iron. J. E. Hurst. Metallurgia, 8 [48], 179-80; 9 [49], 
17-18; [50], 43-45 (1933).—To promote greater uniformity 
in regard to strength properties of cast iron, H. discusses 
methods of determining the stress-strain relation, the 
value of modulus of elasticity, and its relation to the chemi- 
cal composition of cast iron. Factors which contribute to 
structural differences in cast iron in relation to the modulus 
of elasticity are discussed, and the results of experimental 
work are given. M.V.K. 
Oxygen in cast iron. W. F. Cuuss. Metallurgia, 9 
[50], 53-54 (1933).—The deoxidation of cast iron and the 
effect of various deoxidizing agents such as aluminum, 
titanium, vanadium and zirconium, and bismuth and 
boron are discussed. See also Ceram. Abs., 13 [1], 5(1934). 
M.V.K. 
Influence of chemical composition on enameling proper- 
ties of cast iron. P. Ever. Emailletech. Monatsblitter, 
14 (Feb., 1932); Met. Abs. (in Metals & Alloys), 4, 163 
(1932).—S is particularly detrimental to the enameling 
properties of cast Fe in that the segregations of Fe sulfide 
and Mn sulfide render difficult the adherence of the enamel 
to the surface. The dangerous effect of S can be decreased 
by a sufficiently high amount of Mn. Too high an amount 
of P increases the brittleness so that the Fe tends to the 
formation of cracks on being enameled. The P content 
should not exceed 0.9%. The Si content should amount to 
at least 2.2%. With a Si content above 2.6% a coarse 
separation of graphite and an increased tendency to grow- 
ing may be apparent. This also may be detrimental to 
enameling (C.A.) 


Discussion of tests for porcelain enamel applied on 
sheet and cast iron. H. D. McLaren. Jour. Can. 
Ceram. Soc., 2, 38 (1933).—M. discusses methods employed 
in different laboratories for testing porcelain enamel coat- 
ings with regard to their durability under various stresses 

J.G.P. 

Milling sheet-iron ground coat with 40 to 45% water 
and adding water in the dipping tank vs. milling the frit 
with a greater amount of water. FRANK Porter, A. H. 
HAESSLER, AND C. D. Parknitt. Enamelist, 11 [5], 18 
(1934).—The consensus of opinion of the men answering 
this question is to mill the frit with a greater amount of 
water rather than to add water to the dipping tank. Each 
gives reasons for his opinion. E.J.V. 

Barium nitrate in the production of enamels and glazes. 
Tuoma G. Grote. Glashiitte, 63 [29], 492-94; [30], 507 
508 (1933); abstracted in Ematlwaren-Ind., 11 [1], 7 
(1934).—Barium nitrate replaces alkali nitrates as far as 
the action of the nitrate is concerned; it attacks the melt- 
ing vessels much less, being a weaker base. One part of 


‘alkali can be replaced by barium without injuring the fusi- 


bility; more stable and better enamels are obtained and 
the colors are purer. Experiments were made with frits in 
which potash was replaced by barium nitrate; it was found 
that a part of minium can also be replaced. Barium car- 
bonate does not yield sufficiently fusible frits. _M.V.K. 
Introduction of copper oxide in low-melting ceramic 
fluxes. R. Rieke AND H. Strernsock. Ber. deut. keram. 
Ges., 14 [12], 547-62 (1933).—The effect of copper oxide on 
the fusibility, viscosity, devitrification tendency, and ther- 
mal expansion of low-melting ceramic fluxes which con- 
sisted of PbO, Na,O, SiO:, and B,O; was determined, as 
well as the relation of the color produced by the CuO to the 
composition. The most important results were as follows: 
The replacement of a small amount of PbO by CuO de- 
creases the thermal expansion, increases the fusibility, and 
reduces the tendency toward devitrification; larger 
amounts of CuO have an opposite effect. The viscosity of 
the melt and the change in viscosity with temperature are 
decreased by CuO. The fluxes studied absorb up to 12% 
CuO; a higher addition results in throwing out crystalline 
CuO. The green color produced by CuO gradually changes 
to blue with the introduction of increasing amounts of 
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Na,O. The blue color is not injured by a PbO content up 
to 37%, but it is deepened by 6 to 11% B:O;. The fluxes 
colored blue by CuO show a high thermal expansion and 
low chemical resistivity due to their high sodium content. 
It would be possible to improve the fluxes in these direc- 
tions by increasing the degree of acidity. E.J.V. 
Ground-coat studies. VI. Restoration of lost set. 
E. P. Czorcos. Better Enameling, [2], 20-22 (1934).— 
The common methods of restoring set to ground-coat 
enamel include addition of a fresh ground-coat enamel slip 
and of electrolytes, “‘blunging” with electrolyte addition, 
and addition of sodium aluminate. Tests were made on 
the various methods. Results showed that the addition of 
sodium aluminate to the initial mill charge did not improve 
the consistency of the enamel slip but, when used to restore 
set to the ground-ceat enamel slip by means of ‘‘blunging,”’ 
it gave excellent results and produced enamel slip possess- 
ing consistency properties approaching a condition of 
stabilization. It is suggested as a method worthy of con- 
sideration for restoring set to ground-coat enamels. For 
Part V see Ceram. Abs., 13 [4], 80 (1934). E.J.V. 
Opacity of cover-coat enamels. L. C. Arny. Jour. 
Can. Ceram. Soc., 2, 46 (1933).—With an electric spectro- 
photometer much valuable information can be obtained on 
the factors affecting the opacity of cover-coat enamels. 
The major problems pertaining to white cover-coat enamel 
opacity are covered, with a few remarks regarding black 
oxides. J.G.P. 
Coloring oxides. KennetH M. Hossacx. Jour. Can. 
Ceram. Soc., 2, 55 (1933).—Coloring oxides are discussed 
and a method of matching colors is described. J.G.P. 
Test for blast sands. L.H. Core. Jour. Can. Ceram. 
Soc., 2, 58 (1933).—The pebble-jar grinding test can be 
safely used to determine whether a sand is good, medium, 
or poor, but can not be used to differentiate between two 
good sands, two medium sands, or two poor sands. J.G.P. 
Acid-resistant metals used in cleaning steel. W. I. 
Srvrtz. Metal Cleaning & Finishing, 6 (2), 73-75 (1934).— 
Alloys which resist the corrosive effects of pickling acids 
and recent improvements in equipment to facilitate acid 
handling and pickling operations are discussed. [Illus- 
trated. E.J.V. 
Pickling iron and steel. Asucrort. Meial- 
lurgia, 9 [49], 19-20 (1933).—Pickling is a process in 
which so many controlling factors are involved that proper 
results can be obtained only when the conditions have been 
standardized for the particular base metal to be treated. 
Of these, the temperature and strength of the acid bath are 
most important. M.V.K. 
Deénameling sheet-iron shapes. S. W. VICKERY. 
Jour. Can. Ceram. Soc., 2, 47 (1933).—Various methods of 
deénameling are discussed. V. states that caustic soda for 
deénameling is becoming more necessary with the increas- 
ing use of acid-resisting enamels. J.G.P. 
Discolorations in enamels. ANON. Glashiitte, 63 (35), 
592-93 (1933); abstracted in Emailwaren-Ind., 11 [1], 7 
(1934).—The effects of (1) grinding, (2) conditions of firing, 
(3) composition of the enamel, and (4) cooling of the fired 
ename:. on the color tones of the enamel are discussed in de- 
tail. M.V.K. 
Notes on the discussion of L. Vielhaber on cracked 
cooking utensils. A. Dietzer. Emailwaren-Ind., 11 [1], 
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1-5 (1934).—The fact that kaolin when used as opacifier 
produces an enamel of poor quality is analogous to phe- 
nomena occurring in glass technique. Melted glass, in 
contact with refractories (grog of tank blocks) for a long 
time, dissolves large quantities of grog, ¢.g., at 1400°, 
100 g. of glass may dissolve up to 400 g. grog. Enamel 
contains much greater quantities of ingredients dissolving 
kaolin than glass and the surface of attack of the finely 
granulated kaolin is much larger than in dense grog blocks, 
although the temperatures used in enameling are lower and 
the dissolving occurs only for several minutes. Kaolin is 
more easily dissolved than grog, hence the enamel, when 
fired, dissolves large amounts of kaolin which do not 
opacify. During the dissolving, kaolin disintegrates and 
its ingredients form various components in the enamel. 
The dissolved kaolin basically changes the properties of 
the enamel, especially its expansion, and the enamel is no 
longer adapted to the ground (or iron). Alumina (intro- 
duced in the form of kaolin or feldspar) makes the enamel 
viscous and produces inhomogeneities (knobs, streaks, and 
undissolved particles) which give poor mechanical and 
thermal properties. These conditions do not appear with 
tin oxide. Little of it is used for opacification; it is only 
slightly dissolved in the enamel during firing and because 
of this does not change the enamel properties a great 
deal. Large amounts of undissolved kaolin do not pro- 
duce faults in enamels opacified with it, but the high solu- 
bility of kaolin in the enamel brings about an abnormal 
change in the enamel composition and probably produces 
an inhomogeneous enamel. For article by Vielhaber see 
Ceram. Abs., 13 [2], 33 (1934). M.V.K. 
Poisonous action of enamel and of enameled ware. 
R. Atpincer. Glashiitte, 63 [37], 617-19 (1933); ab- 
stracted in Emailwaren-Ind., 11 [1], 7 (1934).—The 
sources of danger to the health of workers in enamel works 
are depicted in detail; they are based on the poisonous ac- 
tion of some raw materials employed and on the injurious 
effects of dust. Enamels designed for eating, drinking, and 
cooking purposes must not give off poisonous materials 
such as lead, trivalent antimony, etc., when used. At- 
tempts to lower the lead content of majolica enamels are 
discussed. M.V.K. 
Enameling and bright annealing furnaces. Conr!- 
NENTAL INDUSTRIAL ENnornegrs, Inc. Fuels & Fur., 12 
[1], 35 (1934).—This enameling furnace is provided with a 
special type of silicon carbide muffle arranged to give rapid 
uniform heating and long life and is heated with city gas 
by the use of a Maxon premix unit. There are no fumes, 
visible flames, smoke, dirt, noise, or external heat asso- 
ciated with the operation of the furnace. E.J.V. 
Acid-proof enamels in chemical technique. Lupwic 
Sruckert. Chem. Fabrik, pp. 245-48 (1933).—Properties, 
composition, and manufacture are discussed. See also 
Ceram. Abs., 12 [12], 415 (1933). (C.A.) 
Late developments in the enameling industry. Emer- 
son P. Posts. Ceram. Ind., 22 [3], 138-45 (1934).— 
Literature covering the recent technical advances in enam- 
eling is reviewed and the effect of these developments is in- 
terpreted. X-ray methods in the study of enamels, tensile 
strength and elasticity, enamel adherence, gaseous defects 
in enamels, and the composition of enamels are discussed. 
E.J.V 
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Progressive retailer makes use of porcelain enamel. 
H. C. Anrens. Better Enameling, 5 (2), 18-19 (1934).—A 
salesroom in Louisville, Ky., is paneled with porcelain 
enamel to a height of 7 ft. in cream with jade green deco- 
rated pilasters and cornices. ' Illustrated. E.J.V. 

Chain food stores prefer porcelain enamel. Harry E. 
Martin. Enamelist, 11 [5], 22 (1934).—Reasons for this 
choice are cleanliness, beauty, maximum benefits from 
lighting, and economy and utility of porcelain-enameled 
fixtures. Illustrated. E.J.V. 
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Production of opaque glasses and enamels. IGNAz 
Kreipt. U. S. 1,948,461, Feb. 20, 1934. An improved 
process of producing white clouded enamels for ironware, 
etc., consists in adding to the enamel frit while grinding it in 
the presence of water, in lieu of the known white insoluble 
oxides heretofore used as the clouding media, substances 
which, in unchanged condition, are incapable of serving as 
clouding agents, but which, upon firing of enamel, evolve 
gases which remain in the enamel at the firing thereof, to- 
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gether with a clay which is capable of adsorbing strongly 
the gas-evolving substances, and controlling the size, num- 
ber, and subdivision of the gas bubbles evolved in the 
enamel on firing by altering, prior to firing, the amount of 
the clay used. 

Vitreous enamels and process of making. C. J. Kinzie 
AND C. H. Commons, Jr. (Titanium Alloy Mfg. Co.). U.S. 
1,949,479, March 6, 1934. The process produces an opaque 
frit for vitreous enamels resistant to acids and comprises 
mixing a raw batch of enameling materials substantially in 
the following proportions in parts by weight: sodium zir- 
conium silicate 7.08, quartz 40.58, borax 18.94, soda ash 
19.65, sodium nitrate 3.50, titanium oxide 13.86, red lead 
3.04, antimony oxide 6.93, and fluorspar 5.94, and then 
heating the raw batch so mixed to fusion and formation of 
the opaque enamel frit. 

Conveyer system for handling washing machine tubs 
during enameling process. C. G. CHati nor (Colonial 
Iron Works Co.). U.S. 1,949,991, March 6, 1934. 

Enameling kiln. Cari Turer. Ger. 582,474, Ang. 15, 
1933. (C.A.) 
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Some new glasses containing bismuth. E. RayMonp 
RIEGEL AND DoNALD E. Suarp. Jour. Amer. Ceram. Soc., 
17 [4], 88-92 (1934). 

Leakage of helium through Pyrex brand glass at room 
temperature. I. Grecory P. Baxter, H. W. STarxK- 
WEATHER, AND R. B. ELuestap. Science, 68, 516-17 
(1928).—Leakage of He through Pyrex brand glass at 0° 
and atmospheric pressure was noted in 24 hr. in change of 
PV with P experiments. Mechanical leakage was elimi- 
nated by comparative experiments with He at 770 mm. and 
at 627 mm. showing a like change per day in either case of 
about 0.0031%, corresponding to 0.04 cu. mm.* per day per 
sq.cm.? The apparatus had previously showed no similar 
effect with A. These results were confirmed by comparing 
a spherical Pyrex brand glass globe filled with He with a 
counterpoise of a larger globe containing A fora year. The 
loss in weight per day gradually fell off as follows: 0.02 mg. 
the first day, 0.007 the eighteenth, 0.006 the thirty-fourth, 
and decreased gradually from 0.0059 to 0.0047 between the 
seventy-first and the three hundred sixty-sixth days. The 
total loss was 1.73 mg. He (1%) corresponding to an aver- 
age of 0.059 cu. mm.’ per day per sq. cm.? of Pyrex brand 
glass averaging 1.34 mm. in thickness. The determinations 
by B. and S. of the density of He carried out in Pyrex are 
not affected. II. G. P. Baxter anp H. W. SrarK- 
WEATHER. Jbid., 73, 618 (1931).—The loss from a globe 
containing 1044 cc. has amounted to nearly 3.5% since 
Nov. 11, 1927. See also Ghem. Abs., 19, 1643; 20, 1006; 
21, 1728. (C.A.) 

Permeability of quartz and Pyrex brand and other glass 
tohelium. J.C. McLENNAN AND J.O.WitHetm. Trans. 
Roy. Soc. Can. [Section IIT], 26, 119-22 (1932).—Experi- 
ments showed that He penetrates quartz and Pyrex brand 
glass, the rate of penetration increasing with the tempera- 
ture. Evacuated, outgassed, and sealed quartz tubes were 
placed in an atmosphere of He until the desired pressure of 


He inside the tubes was reached when they were removed 
from the He bath and used as He discharge tubes. 
(C.A.) 
Investigation of thermal expansion of the double system 
Na,B,O;—B,0; in molten state. M.P.Vorarovica. Bull. 
acad, sci. U.R.S.S., Classe sci. math. nat., pp. 663-74 (1933). 
—The dilatometric method was used for measuring the 
specific volume of molten glass up to 1300° and consisted 
in measuring the level of the molten glass, contained in a 
test-tube shaped Pt vessel, by means of electric contact 
with a Pt rod. Specific volumes of Na,B,O;, B,O;, and of 
binary mixtures containing 74, 59.5, and 20% Na,B,O; 
were measured through the interval 500 to 1300°. The ex- 
pansion coefficients obtained are in satisfactory agreement 
with those of Samsoen. With B,O;, the expansion coeffi- 
cient reaches a maximum at about the melting point, then 
gradually decreases. Results confirm Batschinski’s for- 
mula, v = w + (c/n), where 7 = viscosity, v = specific vol- 
ume, and c and w are constants for a certain range of tem- 
perature. At high temperatures, the relation between 1/» 
and v is linear. At lower temperatures variation from line- 
arity is considerable, which can be accounted for by polym- 
erization. Isothermal curves for v plotted against per- 
centage composition show that mixing Na,B,O,; with Na,B; 
is accompartied by considerable contraction with eventual 
increase in viscosity. ; (C.A.) 
Quick method for determination of alkali in glass. 
E. V. Vasiu’eva. Zavodskaya Lab., No. 2, pp. 25-26 
(1933).—The Na;C,O, formed by the action of H»C:0O, + 
HF; is ignited to Na,CO; and titrated with HCl or dry 
Ca(OH), is added and the CaC,0O, ignited to CaCO;, ex- 
tracted, and titrated with HCl. (C.A.) 
Autoclave method. A simple scientific test for mea- 
suring resistance of glass to chemically active products. 
Wroe ALDERSON AND B. B. Arken. Glass Packer, 12, 
165-66 (1933).—Bottles filled with distilled water are auto- 


i 


1934 


claved for 6 hr. at 35 Ib. pressure (approximately 280°F). 
The contents are removed, rinsed out, and titrated with 
standard NaOH with methyl red as indicator. Results are 
reported as grams of NaOH per liter. (C.A.) 
Supersaturation of gases in glass. J. Logrrier. 
Ceram. Ind., 22 [3], 156-58 (1934).—A comprehensive re- 
view of the work of scientists on the presence of gases in 
glass, methods of purification, composition of the gases, and 
means of determining whether the gases are held in chemi- 
cal combination in the glass is presented. E.J.V. 
Glasses absorbing ultra-violet rays and transmitting 
heat. Anon. Glas & App., 14 [6], 43-44 (1933).— 
Glasses with this property are made with mixtures of ox- 
ides of cerium; these also absorb heat rays but only to a 
limited extent. The following mix is given: e.g., 71% 
SiO,, 16Na,0, 8CaO, 2.3 cerium oxide, 1.8 lanthanum oxide, 
0.8 didymium oxide, and 0.1 yttrium earths. M.H. 
Comparison tests with alumina and feldspar as alumina 
containing materials in glass. Fr. Sranc. Glashiitte, 
63 [37], 615-16 (1933).—Conclusions are as follows: (1) 
Hydrate of alumina has the same or a somewhat higher 
capability of melting in comparison with feldspar when the 
soda content is introduced from sodium carbonate. (2) 
Feldspar has an advantage over alumina as to capability of 
melting in all cases in which the sodium content is obtained 
from sulfate. (3) When the sodium content is obtained 
from both soda and sulfate, the advantage of one of these 
factors depends on the proportion of their mixtures. (4) 
Hydrates of alumina and feldspar are more fusible than 
alumina (oxide); hydrate of alumina is more advantageous 
than feldspar because of a more uniform composition. (5) 
Because of its greater purity, hydrate of alumina yields a 
finer tinge in the finished glass. M.V.K. 
Notes on the manufacture of colorless glasses. No. 24. 
Thermal endurance. ANON. Glass, 11 [2], 61-65 (1934).— 
The relationship of the coefficients of expansion of the con- 
stituent oxides to the thermal resistance of the final product 
is explained. Factors of cubical expansion for the com- 
mon glass-forming oxides are given. For No. 23 see 
Ceram. Abs., 13 [4], 84 (1934). A.J.M. 
Theoretical bases of glass coloring. W. Weyi. Pre- 
sented at meeting of German Glass Technical Society, 
1933; Keram. Rund., 41 [15], 188 (1933).—The elementary 
processes of the absorption of light and the appearance of 
an absorption spectrum are discussed. An exact quantita- 
tive understanding of spectral absorption permits the in- 
vestigation of the oxidation equilibriums of oxides forming 
glass. It was possible, for the first time, to show that 
chromic compounds and chromates are present in chrome 
glasses, to give quantitative data, and to produce a pure 
blue-green chromic and lemon-yellow chromate glass. On 
the basis of analogies with solutions and crystallized com- 
pounds, it is possible to obtain a knowledge of the constitu- 
tion and color of cobalt and nickel glasses. The color of 
cobalt glass depends on the number of “ligands” with 
which the Co atom is combined and less on its chemical 
nature. Hence the formation of blue and red cobalt 
glasses can be understood and the dependence of color on 
temperature and heat treatment is explained. M.V.K. 
Particle size and concentration in opal-diffusing glasses. 
C. Dunpar. Jour. Soc. Glass Tech., 17 [68], 411-32 
(1933).—The average particle size and concentration in a 
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number of opal glasses were determined by means of a 
high-power microscope, and the way in which these quan- 
tities vary through the thickness of a glass was investi- 
gated. The diffusing properties of the glasses were 
measured photometrically and the average size and con- 
centration of the particles in the glasses were deduced 
from the theoretical equations of Ryde and Cooper (Ceram. 
Abs., 12 [7], 256 (1933)). A comparison has been made of 
the theoretical and experimental results, and it is shown 
that over the range of particle size considered, the theory 


is in good agreement with experiments. See also ibid., 
12 [4], 147 (1933). A.J.M. 
Manganous oxide as glass component. I. I. Krrar- 


GORODSKII AND N. W. Sotomin. Sprechsaal, 67 (2), 18-20; 
[3], 29-31 (1934).—Colorless or faintly colored glasses may 
be manufactured with a considerable content (20%) of 
manganous oxide. Manganous oxide lowers the viscosity 
of soda-lime-silica glasses of the composition 17% Na,O, 
10.5 CaO, 72.5 SiO,; hence the alkali content may be 
partly replaced by manganous oxide. The softening tem- 
perature of such glasses is lowered with the introduc- 
tion of manganous oxide. It increases the specific gravity 
of ordinary soda-lime-silica glasses. The specific gravity of 
MnO amounts to 4.65 and its expansion constant amounts 
to 3.18 in the glass series studied. Illustrated. M.V.K. 
Glass, its manufacture and deve'opment for railroad 
and other uses. J. C. Hosrerrer. Proc. Central Ry. 
Club Buffalo, 28, 3213-22 (1930).—An address dealing with 
the composition, properties, and melting and manufactur- 
ing processes of glass. (C.A.) 
New heat-insulating materials. A. Linpsay Forster. 
Mech. World, 93 [2421], 504-506 (1933).—The properties 
of glass and aluminium as heat insulators are discussed 
Aluminium foil in parallel or concentric sheets insulates by 
combining the low conductivity of air spaces between the 
foils and the heat-reflecting power of the bright metal sur- 
face. Glass in the form of fine fibers has this heat-reflect- 
ing property and is particularly useful where both heat and 
sound insulation are desired. A new method of testing is 
described. Illustrated. E.J.V. 
Is Sekurit glass a case-hardened product? C. Z. 
Diamant, 54, 244 (1932).—The question is debated not on 
controversial grounds but as a matter of scientific interest. 
Tables are given showing the results of impact tests carried 
out on case-hardened and ordinary glasses of various thick- 
nesses. The former show a power of resistance four to five 
times greater than that of the latter. (J.S.G.T.) 
Light permeability and color tone of building and 
illuminating glass. H. Crammer. Glashiitte, 63 (37), 
616-17 (1933).—The greenish coloring of glass used for 
illuminating and building purposes is due to the presence of 
metallic oxides, especially of ferric and ferrous oxides in the 
glass melt. This green coloring means a loss of light be- 
cause only the green colors pass through the glass un- 
weakened, while all the other colors of the spectrum are 
partly absorbed and destroyed. The physical decolora- 
tion of glass or an addition of complementary pigments 
lowers the total permeability of the glass. Only by means 
of the chemical decoloration of the glass is the green tinge 
removed. Experiments showed that cerium and man- 
ganese are especially good decolorizers. See also Ceram. 
Abs., 12 [2], 54 (1933). M.V.K. 
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Illuminating glassware production. Wess’s CrysTaL 
Grass Co. Elec. Rev., 114 [2933], 185-86 (1934).—The 
making and testing of Duroglass illuminating equipment is 
described. The furnace is made of sillimanite and the 
crucibles of fire clay. The furnace is oil fired. All globes 
and shades are hand blown. Satin finishes are secured by 
acid pickling and frosted finishes by sandblasting. TIllus- 
trated. J.L.G. 

Studies on chilled plate glass. II. T. Araxi, S. TaKa- 
HASHI, AND S. Morr. Jour. Soc. Chem. Ind. [Japan|], 37 [1], 
33B (1934).—The results are shown in tables. For Part I 
see Ceram. Abs., 13 [4], 85 (1934). M.V.K. 

Progress in hardening glass plates, etc. ANON. Glass 
& App., 14 [7], 51 (19383). M.H. 

Manufacturing glass filters. M.F. Lirsnirz anp B. L. 
GusuMan. Keram. i Steklo, 9 (9), 4—5 (1933).—A detailed 
description is given of the basic operations for obtaining 
glass filters, such as (1) grinding glass into powder, (2) sift- 
ing the glass powders, (3) fusing the powder into filter 
plates, (4) soldering the plates into glass apparatus, and 
(5) controlling the filters. Four kinds of filters with a pore 
diameter of 120 to 10 microns are manufactured in the 
U.S.S.R. M.V.K. 

Deterioration of certain medicaments under the infiu- 
ence of light. H. V. Anny, ABRAHAM TAUB, AND ABRA- 
HAM STEINBERG. Jour. Amer. Pharm. Assn., 20, 1014-23, 
1153-58 (1931).—This investigation was planned for glass 
containers available on the American market but it in- 
cluded six light filters. The quantitative transmission of 
light (in the visible spectrum) was determined by the spec- 
trophotometer, with white light as the source. The trans- 
mission values in the ultra-violet region were determined 
by the Hilger quartz spectrograph with a sector photome- 
ter. To secure comparative thicknesses of glass, repre- 
sentative pieces were cut from the containers and ground 
flat. The containers were grouped in eight classes: flint A, 
blue A, green A, green B, green C, amber A, amber B, and 
amber C. Red flashed glass and Corning red are the best 
protective glasses studied, but the cost is too high for com- 
mercial bottle making. Thirty-five light sensitive chemi- 
cals and pharmaceuticals were studied. The findings are 
tabulated and can not in general be abstracted. From 
three to twelve times as much deterioration occurred in 
direct light as compared with diffused. The effects of a 
number of reputed stabilizers were observed. None gave 
satisfactory results except that Sn compounds stabilize 
C.H;OH and acetanilide stabilizes H,O, (both known) and 
SnCl, preserves H;,O, (new). (C.A.) 

Studies with light rays (in glass-packed products). 
H. V. Arny. Glass Packer, 12, 497-99 (1933).—About 
15% of chemicals or pharmaceuticals stored in glass con- 
tainers are truly light sensitive. Amber glass gave by far 
the best protection from ultra-violet rays. (C.A.) 

Viscosity measurements of technical glasses and their 
significance for economy in machine shaping. W. 
MULLENSIEFEN AND K. ENDELL. Glastech. Ber., 11 [5], 
161-70 (1933); abstracted in Keram. Rund., 41 [15], 187- 
88 (1933).—A new ball drawing viscosimeter for determin- 
ing the course of viscosity of technical glasses in dependence 
on temperature and chemical composition is described. 
Viscosity measurements made with this apparatus on 
hand-, semi-, and fully-automatic white hollow and 
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pressed glasses, cast plate glass, and drawn sheet glasses 
are described. It was found that glasses of totally different 
compositions whose working temperatures are far apart 
always show approximately the same working viscosity of 
1000 poises. The significance of these viscosity measure- 
ments for economy in glasses produced mechanically ac- 
cording to the Fourcault method is discussed. A litera- 
ture index is given. M.V.K. 
To cool or not to cool? Eprroriar, Glas & App., 
13 [26], 203-204 (1932).—Failures and defects in the 
manufacture of instruments and apparatus are discussed. 
M.H. 
Czechoslovakian standards for laboratory glassware. 
OrTaKAR WeBR. Chem. Listy, 26, 120-24 (1932); 27, 
11, 132-34 (1933).—Shapes, sizes, and specifications 
adopted by a commission for volumetric, Kohlrausch, 
Stohman, Stift, and viscometer flasks, graduated cylinders, 
pipettes, and burettes are given, together with the degree of 
precision with which the calibration is carried out. Speci- 
fications for test tubes, cover glasses, funnels, separatory 
funnels, Liebig condensers, suction flasks, desiccators, Kipp 
generators, stopcocks, and wash bottles are also given. 
(C.A.) 
Apparatus glass. I-III. F.H.Zscnacxe. Chem.-Zig., 
57, 521-23, 542-44 (1933).—The uses and limitations of 
glass and quartz glass in apparatus construction are dis- 
cussed. The most valuable properties discussed are (1) 
transparency, (2) chemical resistance, (3) mechanical hard- 
ness, (4) availability, (5) low thermal coefficient of expan- 
sion, (6) high heat conductivity, (7) high stability toward 
temperature shocks, (8) high resistance to mechanical wear 
and tear, and (9) high softening temperature. Analyses of 
12 high-grade glasses are given. The influences of chemical 
composition and manufacturing processes upon the proper- 
ties are treated. (C.A.) 
Manufacture of surgical glassware in the new Italy. 
Justus Horn. Glas & App., 15 [2], 11-12 (1934).—The 
development of Italian manufacture of sanitary and medi- 
cal glassware and its effects on import, especially from 
Germany, are discussed. M.H. 
Glasses of rare earths. Fritz HANSEN. Glas & App., 
14 [6], 43 (1933).—Glasses made from rare earths absorb 
part of the light so that differences in color become more 
pronounced if seen through such glasses. At present 
neodymium and praseodymium are used; their use in the 
imitation of gems is particularly interesting. The investi- 
gations are continued. M.H. 
Calibrated and standardized measuring and mixing 
cylinders. Fritz Friepricus. Glas & App., 14 [2), 
911; [3], 17-19 (1933).—Advantages of unification in 
shapes of measuring glasses are discussed, and the respec- 
tive practices of the Bureau of Standards and Physikalisch 
Technische Reichsanstalt are compared in a _ table. 
Pipettes. Jbid., 14 [4], 25-26; [5], 33-34 (1933). 
Burettes. Jbid., 14 [6], 41-42; [8], 57-58 (1933).— 
Standardization of divis ons and errors are discussed. See 
also Ceram. Abs., 12 [9], 327 (1933). M.H. 
Stony glass. Lupwic SprinceR. Glashiitte, 63 [45], 
742 (1933).—The classification of glass stones according to 
their appearance is not easy. There are (1) batch or melt 
stones and gall stones, (2) grog or Dinas crown stones, and 
(3) devitrification stones. The appearance of the first 
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group of stones is caused by (a) the batch being too hard, 
(6) coarse-grained material, especially sand, (c) bad mix- 
ing, and (d) low melting temperature. Glass stones are 
due to undisintegrated Glauber salt. The second main 
group, that of grog or crown stones, is caused by irregularly 
melted or broken pot and brick material or drops from the 
crown. Devitrification stones come from separations in 
the glass when the batch is wrongly adjusted, the melting 
is badly conducted, or the temperature of working is too 
low; such stones may also be formed when the finished 
melted glass is kept at a low temperature for a long time. 
Batch stones are mostly colorless, surrounded by bubbles, 
and show devitrification at their edges. Glass stones are 
dull, of elliptic form, and have a net-shaped structure. 
Grog stones are mostly yellow to brown, are more or less 
noatransparent, show rare crystal formations, but often 
have cracks in the glass. Devitrification stones are dull, 
white, and have a radial structure. M.V.K. 
Methods for investigating stones and knobs in glass. 
A. Dretze.. Sprechsaal, 66 [49], 837-39; [50], 853-56; 
[51], 867-69 (1933).—After a brief review of different kinds 
of stones and knobs and their origin, D. discusses in detail 
the chief methods employed for their identification includ- 
ing (1) preliminary investigation with a magnifying glass 
or microscope, (2) chemical preliminary investigation 
(soda test), (3) preparation of micro-preparations, (4) de- 
termination of optical constants of crystals, stones, and 
knobs, (5) apparent and true axial angle, character of 
double refraction, (6) calculation of the double refraction, 
(7) determination of indices of refraction, (8) indentifica- 
tion of crystals on the basis of their optical constants, (9) 
detection of the kind of stones and knobs from the results 
of the crystal determination, (10) hints for determining the 
material forming knobs or streaks by means of the determi- 
nation of the refractive indices of glass knobs (streaks), (11) 
inferences from the observation of double refraction 
(stress) in the surroundings of stones, drops, and streaks, 
(12) utilization of the heating microscope for investigating 
stones, (13) valuating analysis samples after microscopic 
researches, (14) example of the determination of the 
alumina content of a tank block from the analysis of stones 
in glass, (15) other examples for the valuation of results of 
analysis, (16) physicochemical investigation. Illustrated. 
M.V.K. 
Significance of the microscope for judging devitrifica- 
tion. Huco Ktur. Glashiitte, 63 [34], 567-71 (1933).— 
After describing crystals and their formation, K. discusses 
devitrification. The crystallization phenomena with refer- 
ence to devitrification are due to different causes. When 
batches are melted which do not produce eutectic melts, 
(1) undissolved particles remain in the melt; (2) the glass 
appears to have streaks and is cloudy and the microscope 
shows the presence of cristobalite crystals; (3) a part of 
the melted batch is clear, while the other is cloudy, forming 
an inhomogeneous glass. On cooling, such a melt devitri- 
fies. An unsuitable firing promotes devitrification. Mi- 
croscopic investigation of stones often shows the presence 
of dense crystal needles of prismatic form. They are 
formed from calcium and silica and are known as wollas- 
tonite. Usually wollastonite crystals appear with those of 
cristobalite. In defective alumina glasses, sodium alumi- 
nate crystals form large colorless prisms. The observa- 
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tions of Tammann, Zsigmondy, Jebsen-Marwedel, and 
Fenner on the formation of crystals are discussed. [Illus- 
trated. M.V.K. 
Experiences in fine-grinding and polishing glass. 
Frrepricu Huts. Glas & App., 13 [25], 197 (1932).—The 
tenchique and equipment are described. Coarse grinding 
should be done to such extent that no more is taken off in 
fine grinding. Both mechanical and chemical action play 
important parts. Polishing should be started with high 
pressure and finished with low pressure. The use of too 
much polishing agent can spoil the surface. Elevated tem- 
perature influences the polishing process favorably. How 
much the felt contributes is not yet known; the optical in- 
dustry prefers fine-haired felts, while other industries use 
coarser-haired felts. Iron oxide is used chiefly with or 
without iron sulfate. In wet polishing water exerts a 
chemical influence while dry polishing is purely mechanical. 
M.H. 
Manufacturing glass for electric bulbs in tank furnaces. 
B. V. Knovansxtl, A. I. Morozov, anp A. N. Nacornuti. 
Keram. i Steklo, 9 [10], 8-11 (1933).—Conditions required 
for manufacturing glass for electric bulbs in tank furnaces 
of the Simplex type are discussed. See also Ceram. Abs., 12 
[6], 220 (1933). M.V.K. 
Bottles manufactured by machinery or hand. A. 
Jagscuxe. Glashiitte, 63 [29], 479 (1933); abstracted in 
Keram. i Steklo, 9 [10], 28 (1933).—A short review is given 
of different machines employed for manufacturing glass 
bottles and the advantages of a machine-made bottle over 
a hand-made bottle are listed. M.V.K. 
Altering the shape of tank blocks for obtaining a greater 
efficiency in water and air cooling. L. N. SuHexnrrov. 
Keram. i Steklo, 9 [10], 15-17 (1933).—S. discusses tank 
blocks of a new design and size placed after hot repairs at 
the Ivetski glassworks. The advantages of the blocks 
are enumerated. Illustrated. M.V.K. 
Saving fuel with glass tank of unusual design. W. A. 
IncLER. Ceram. Ind., 22 [3], 154 (1934).—The Holophane 
Co., Inc., of Newark, Ohio, has a glass tank with a double 
bridge wall separating the working and melting chambers. 
The glass passes from the melting chamber through the 
throat under the first section of the bridge wall and then 
upward through a 6- x 14-in. vertical channel in the 
second section of the bridge wall, flowing into the working 
chamber from the top rather than being forced in at the 
bottom. The tank is of the recuperator type, holds 11 
tons of glass, 6 in the melting chamber and 5 in the drawing 
chamber, and is operated at a fuel saving of 33% over the 
usual tank of the same operating capacity. Tank blocks 
have a longer life. Several other advantages are listed. 
E.J.V. 
Flameless furnaces and their use in glassmelting. 
N. P. Krasnixov. Keram. i Steklo, 9 [10], 11-15 (1933).— 
After discussing principles of flameless firing and describ- 
ing different types of burners, K. enumerates advantages 
in using flameless firing for Fourcault channel and anneal- 
ing furnaces. M.V.K. 
Notes on tank furnace wear. E. J. C. BOWMAKER AND 
J. D. Cauwoop. Jour. Soc. Glass Tech., 17 [68], 433-51 
(1933).—This paper describes the erosion and corrosion 
which occurred in gas-fired, colorless, bottle-glass tanks 
under conditions stated, and indicates the increase in 
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furnace life made during the past ten years. Detailed 
results for the wear obtained with certain tank bottoms 
are given, and the distribution of the wear is discussed. 
The erosion and corrosion of tank sides and bridge walls 
are also described and notes are given regarding vertical 
joints, the position of horizontal joints, the influence of 
adjacent blocks on the wear of an individual block, the 
effect of peak-load melting, and other data. The evolu- 
tion of a satisfactory submerged throat is described, and 
results obtained with two such throats are cited. 
A.J.M. 
Results from reconstructing a tank furnace supplying 
Fourcault machines. S. BERMAN. Glass, 11 [2], 52-58 
(1934).—A glass tank constructed according to the Gobbe 
system was redesigned. The new construction is illus- 
trated. These changes in construction allowed the plant 
efficiency to be increased 35 to 40% without any con- 
siderable capital expenditure. The specific fuel consump- 
tion was considerably decreased. The net cost of glass 
was lowered and the quality of the glass was somewhat 
improved. A.J.M. 
Roirant machine makes American bow. ANON. Amer. 
Glass Rev., 53 [21], 9-10 (1934).—IIlustrated. A.J.M. 
Caspar Wistar started first successful glasshouse 194 
years ago. ANON. Amer. Glass Rev., 53 [20], 9-10 
(1934).—A short description of Wistar’s glassworks and 
pieces made there is given. A.J.M. 
Small pots and hemlock fuel used in window glass 
factory 94 years ago. ANON. Amer. Glass Rev., 53 [15], 
19-20 (1934). A.J.M. 
Old English glass. No. 49. Francis BuckKLeEy. 
Glass, 11 [2], 66-67 (1934).—This article deals with the 
work of amateur engravers. Illustrated. For No. 48 see 
Ceram. Abs., 13 [4], 87 (1934). A.J.M. 
Exhibition of a well-known collection of glass. K. 
HERAIN. Skidiské Roshledy, p. 73 (1933).—The Museum 
of Art and Industry at Prague owns Europe's largest col- 
lection of glass tableware. R.B. 
Glass faces exterior of radio station. ANon. Ceram. 
Ind., 22 [3], 1383 (1934).—Approximately 2200 sq. ft. of 
structural glass faces the exterior of radio station KMBC 
at Kansas City, Mo. Details of the use of black and white 
Carrara glass for the building exterior are given. Illus- 
trated. E.J.V. 
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Synthetic and imitation gems. Monograph on gem 
stones. ImprerraL Inst. H. M. Stationery Office. 2s 6d, 
net. Reviewed in Chem. Trade Jour., 93 [2425], 343 
(1933).—Imitation of precious stones is achieved by 
(1) artificial production of the mineral, (2) substituting 
one stone for another, sometimes after altering the color, 
(3) simulating the stone in glass or other artificial product, 
or (4) employing compesite stones. The only precious 
stones which can be manufactured with commercial suc- 
cess are the gem varieties of corundum and spinel. Pure 
alumina is mixed with a suitable amount of another 
metallic oxide. A stream of this mixture is allowed to fall 
into a jet of an oxy-coal-gas flame impinging on a rotating 
fireclay support. A pear-shaped mass of fused alumina 
slowly forms which when cooled is known as a “boule.” 
Such material when cut and polished exhibits all the 
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properties of a natural ruby or sapphire. A new artificial 
stone has recently been introduced in various colors; it is 
produced by a process similar to that outlined above but 
contains 10% MgO and closely resembles spinel. The 
glass used for gem stones is specially made to have a high 
refractive index and specific gravity and is known as 
“paste” or “‘strass.’’ It is suitably colored by various 
metallic oxides and then cast in molds cut to the shape 
required. All glass substitutes are soft and easily scratched 
and all are isotropic. M.V.K. 

Wealden glass: The Surrey-Sussex Glass Industry 
(A.D. 1226-1615). S. E. Wrvsoit. ix + 85 pp. Com- 
bridges, Hove, 1933. Price 10s 6d. Reviewed in Times 
Lit. Supp., 32, 893 (1933); see also Ceram. Abs., 12 [2], 
57 (1933). H.H.S. 

PATENTS 

Laminated glass and method of making. W.H. Moss 
(Celanese Corp. of America). U. S. 1,947,486, Feb. 20, 
1934. 

Method of making glass article. W. A. INGLER (Holo- 
phane Co., Inc.). U.S. 1,947,526, Feb. 20, 1934. 

Process for producing colored coatings of glass. Nor- 
BERT Kreimpi. U. S. 1,947,781, Feb. 20, 1934. The 
process produces red colored coatings, patterns, etc., on 
glasses, and comprises applying and then firing on sulfide 
glasses compositions coniaining those copper compounds 
which are reducible by sulfide glasses. 

Glassworking method and machine. B. T. HEADLEY 
AND P. H. Tompson (Hartford-Empire Co.). U. S. 
1,948,218 and 1,948,219, Feb. 20, 1934. 

Apparatus for producing sheet giass. 
(Libbey-Owens-Ford Glass Co.). U. S. 1,948,563, Feb. 

7, 1934. 

Machine for sealing laminated glass. J. L. Drake 
(Libbey-Owens-Ford Glass Co.). U. S. 1,948,566, Feb. 
27, 1934. 

Apparatus for grooving laminated glass. W.G. Huit- 
HORST (Libbey-Owens-Ford Glass Co.). U.S. 1,948,581, 
Feb. 27, 1934. 

Lens. E. D. Tirttyver (American Optical Co.). U. S. 
1,948,636, Feb. 27, 1934. H. A. Toutmin, Jr. (Univis 


Corp.). U.S. 1,949,698, March 6, 1934. 
Headlight reflector. C. E. Rose. U. S. 1,948,680, 
Feb. 27, 1934. 


Manufacture of glassware. Apo_r Scumier. U. S. 
1,948,682, Feb. 27, 1934. 

Glassblowing machine. J. W. Lyncn anp E. G. 
Bripces (Lynch Corp.). U.S. 1,948,928, Feb. 27, 1934. 

Apparatus for drawing tubular bodies of glass. JEAN 
Carpot (Corning Glass Works). U. S. 1,949,037, Feb. 
27, 1934. - 

Glass furnace. L. D. Sousrer (Owens-Illinois Glass 
Co.). U.S. 1,949,380, Feb. 27, 1934. 

Bifocal lens. H. A. Tovutmin, Jr. (Univis Corp.). 
U. S. 1,949,699, March 6, 1934. 

Method of coloring vitreous articles. Games SLAYTER 
(Owens-Illinois Glass Co.). U. S. 1,949,884, March 6, 
1934. 

Glassware forming machine. L. D. Soupier ANp J. E. 
Cortiins (Owens-Illinois Glass Co.). U. S. 1,949,886, 
March 6, 1934. J. P. Benorr anv L. D. Souvsrer (Owens- 
Illinois Glass Co.). U.S. 1,949,894, March 6, 1934. 
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Method for making blown glass articles. L. D. Sov- 
BIER (Owens-Illinois Glass Co.). U.S. 1,949,887, March 
6, 1934. 

Building block. S. S. CocHrRaNe anp Aucust Kapow 
(Owens-Illinois Glass Co.). U. S. 1,949,898, March 6, 
1934. 

Method and apparatus for making glassware. J. E. 
CoLuins AND J. E. McLauGuiin (Owens-Illinois Glass 
Co.). U.S. 1,949,899, March 6, 1934. 

Apparatus for fire finishing glass articles. R.A. Cos 
(Owens-Illinois Glass Co.). U. S. 1,949,901, March 6, 
1934. 

Spun glass method and apparatus. H.J.Bium. U.S. 
1,950,219, March 6, 1934. 

Glass machine. K. W. Sommer AND Paut Maca 
(Sommer and Maca Glass Machinery Corp.). U. S. 
1,950,758, March 13, 1934. 

Combined headlight lens and reflector. R.A. Fores 
(Walter M. Kaefer). U.S. 1,950,918, March 13, 1934. 

Method of manufacturing glass wool sheets for primary 
and secondary batteries, filtration, etc. Bririsn GLass 
Co., Lrp., anpj A. R. Hormes. Brit. 406,085, 
Feb. 28, 1934. 

Street-lighting glassware. HoLopHane, Lrtp., AND S. 
ENG.IisH. Brit. 406,141, Feb. 28, 1934. 

Glass which resists attack by metal vapors. JENAER 
GLASWERK Scuott & Gen. Brit. 406,142, Feb. 28, 1934. 

Process of manufacturing multicellular glass. Soc. 
ANON. DES MANUFACTURES DES GLACES ET PRODUITS 
CHIMIQUES DE Sr. Goparn, CHAUNY, ET CrREy. Brit. 
406,179, Feb. 28, 1934. 

Production of sheets or articles of glass and analogous 
substances, and devices for using. S. W. HAMLYN AND 
Dernier & HaMtyn, Ltp. Brit. 405,253, Feb. 14, 1934. 

Melting or conditioning glasses, enamels, etc. BritisH 
HARTFORD-FAIRMONT SYNDICATE, LTp., AND J. B. MurGa- 
TROoYD. Brit. 405,361, Feb. 14, 1934. 

Glassworking processes and furnaces. 
Brit. 405,806, Feb. 21, 1934. 

Process and apparatus for applying edge-sealing mate- 
rial to laminated glass. A. H. Stevens (Duplate Corp.). 
Brit. 405,850, Feb. 21, 1934. 

Molds for making glassware. H. Nevunauss. Brit. 
405,889, Feb. 21, 1934. 

Machine for making hollow glassware. Unirep GLass 
BoTTLe MANUFACTURERS, Ltp., T. C. MOORSHEAD, AND 
E. P. Dorman. Brit. 405,898, Feb. 21, 1934. 

Manufacture of composite glass sheets. Soc. ANON. 
DES MANUFACTURES DES GLACES ET PRODUITS CHIMIQUES 
pe Sr. Goparn, Cuauny, eT Crrey. Brit. 405,918, Feb. 
21, 1934. 

Reception and transport table for laminated glass sheets. 
HERZOGENRATHER GLASWERKE BicHEROUX & CIE. 
G.m.s.H. Fr. 41,519, Jan. 28, 1933. Addition to 600,182. 

(C.A.) 

Ceramic materials. Soc. Quartz & Smice. Fr. 
41,648, Feb. 15, 1933. Addition to 620,356. Electric 
insulators, etc., are made by mixing debris from fused SiO, 
with an appropriate binder. (C.A.) 

Apparatus for drawing sheets of glass. N. V. Hot- 
LANDSCHE MAATSCHAPPI] VOOR DE VERVAARDIGING VAN 
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Gras. Fr. 749,107, July 18, 1933; see also Ceram. Abs., 
13 [3], 60 (1934). (C.A.) 
Safety glass. IcNacio SAGNIER VipaL. Fr. 749,134, 
July 18, 1933. The reinforcing layer between the glass 
sheets is composed of 2 thicknesses, one of which is a 
material capable of adhesion to the glass with facility, 
such as celluloid, and the other a material which resists 
the action of light and heat without liberating gases, such 
as cellulose acetate. (C.A.) 
Transparent siliceous materials. CompaGnize FRAN- 
CAISE POUR L’EXPLOITATION DES PROCEDES THOMSON- 
Houston. Fr. 749,436, July 24, 1933. A material suit- 
able for insulation in spark plugs, etc., is made by fusing 
together crystallized quartz and beryl (SigQ,sAl,Bes). 
The best proportion is 3 to 5% of beryl. Al,O; may be 
added if desired. (C.A.) 
Cylinders for drawing sheets of glass. PiLKINGTON 
Bros., Ltp. Fr. 749,572, July 26, 1933 (C.A.) 
Apparatus for making glass articles such as bottles. 
HARTFORD-Empire Co. Fr. 750,558, Aug. 12, 1933. 
(C.A.) 
Safety glass. Fritz Ecxert. Fr. 750,650, Aug. 14, 
1933. Safety glass is composed of sheets of tempered glass 
combined with one or more intermediate elastic sheets. 
(C.A.) 
Laminated glass. ScHLesiscHe SPIEGELGLAS-MANU- 
FACTUR CaRL Tre_scH G.m.B.H. Fr. 751,686, Sept. 7, 
1933. The glass is made up of a number of thin sheets, 
one or more of which give special effects such as of color 
or design. (C.A.) 
Apparatus for rolling reinforced glass. PiLKINGTON 
Bros., Ltp. Fr. 752,185, Sept. 18, 1933. (C.A.) 
Glass. Jaxos Dicurer. Fr. 753,257, Oct. 12, 1933. 
Means for transporting cut tubes to the blowing or forming 
molds. (C.A.) 
Composite glass. Lonza (USINES RLECTRIQUES BET 
cuimigugs) (Soc. ANON.). Fr. 753,271, Oct. 12, 1933. 
The plastic layer is made translucent or opaque by various 
additions or has designs worked therein to give marble, 
metal, and other effects. The sheets find various decora- 
tive uses. (C.A.) 
Rolling wire glass. Cuance Bros. & Co., Lrp. Ger. 
572,591, March 2, 1933. (J.S.G.T.) 
Construction of mesh for wired glass. A.-G. FUR 
GLASINDUSTRIE VoRM. F. Sremens. Ger. 573,024, March 
9, 1933. The warp wire in mesh formed of crossing wires 
is made to form a loop at each crossing through which the 
weft wire is threaded. (J.S.G.T.) 
Production of wired glass. S. C. Scummpr Dranr- 
WERKE A.-G. Ger. 574,296, March 23, 1933. The joints 
of the wire mesh are flattened by a suitable device down 
to the thickness of a single wire before embedding in the 
molten glass. (J.S.G.T.) 
Making narrow-mouthed vessels by the press and blow 
process. A. E. Smitn. Ger. 574,974, March 30, 1933. 
The parison is pressed by a cooled plunger from the bottom. 
The supply of cooling medium regulates the extent of the 
chilling. See also Ceram. Abs., 13 [4], 87 (1934). 
(J.S.G.T.) 
Changing lettering on molds. GLASHUTTENWERKE 
PHOntx G.m.p.H. Ger. 575,618, April 13, 1933. In 
molds having figures, letters, or patterns carried on sepa- 
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rate portions adapted to be inserted through suitably dis- 
posed openings in the mold body, portions are carried on 
endless belts or on disks capable of rotation in such a way 
that they can be turned to the desired lettering and then 
registered in the opening. (J.S.G.T.) 
Apparatus for drawing spiral glass rods. Cosira 
G.m.s.H. PRODUKTION ELECTROTECHNISCHE ARTIKEL. 
Ger. 576,873, May 20, 1933. (C.A.) 
Device for melting off rough ends of hollow glassware. 
Lippey Giass MANUFACTURING Co. Ger. 577,890, 
June 7, 1933. (C.A.) 
Apparatus for rolling wire-netting glass. Soc. ANON. 
DES MANUFACTURES DES GLACES ET PRODUITS CHIMIQUES 
pe Samnt Gopain, CHAUNY ET CrREy. Ger. 578,865, 
June 17, 1933. (C.A.) 
Decolorizing glass. Hans Loérrier (Deutsche Gas- 
gliihlicht-Auer-G.m.b.H.). Ger. 578,866, June 20, 1933. 
Glass is decolorized by additions of oxides of Ce, Se, and 
other trivalent rare earths such as La, Nd, and Pr. 
(C.A.) 
Glass. Hans G. Grimm AND Pavut Huppert (I. G. 
Farbenind. A.-G.). Ger. 580,295, July 8, 1933. SiO, 
normally used in making glass is replaced wholly or in 
part by AIPO, in the proportion of 1 mol of AIPO, for 
each 2 mols of SiO,. The AlPO, may be added as such or 
formed in the melt. Glass of high transparency to ultra- 
violet rays is obtained. Examples are given. See also 
Ger. 556,895, Ceram. Abs., 12 [9], 328 (1933). (C.A.) 
Glass transparent to ultra-violet rays. Grorc JAECKEL 
(Sendlinger optische Glaswerke G.m.b.H.). Ger. 583,001, 
Aug. 26, 1933. Glass of high transparency to ultra-violet 
rays contains BaO at least 10 and B,O; not more than 
10%, and not more than 3.5 mols of acid (SiO, + B,O;) 
per molecule of base (BaO + Na,O and (or) K,O, with or 
without ZnO). The glass contains no As,O;, practically 
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no Fe,O;, and preferably no CaO. A specified composi- 
tion is SiO, 59, B,O; 4, Na,O 7, K,O 7, BaO 19, and ZnO 
4%. (C.A.) 
Continuous apparatus for drawing glass or wired glass 
strip. Huco Knospiaucn. Ger. 584,015, Sept. 13, 1933, 
and 584,391, Sept. 19, 1933. (C.A.) 
Apparatus for drawing glass tubes. Soc. anon. “Le 
Pyrex.” Ger. 584,162, Sept. 15, 1933. (C.A.) 
Press for making nonsplintering glass. Cari ScHar- 
FER. Ger. 584,171, Sept. 15, 1933. (C.A.) 
Apparatus for making glass strip with a surface of 
colored glass. DerutscHe Ger. 584,- 
214, Sept. 16, 1933. (C.A.) 
Method of hardening sheet glass by blowing with air. 
Soc. ANON. DES MANUFACTURES DES GLACES ET PRODUITS 
CHIMIQUES DE St. GoBaIN, CHAUNY, ET CrrEy. Ger. 
584,217, Sept. 16, 1933. (C.A.) 
Apparatus for making glass filaments. BorNKESSEL 
BRENNER UND GLASMASCHINEN G.M.B.H. Ger. 584,215 
and 584,216, Sept. 16, 1933. (C.A.) 
Tank furnace for glass manufacture. Deutscue 
LrpBey-OweEns Ges. FUR MASCHINELLE GLASHERSTELLUNG 
A.-G. Ger. 584,388, Sept. 19, 1933. (C.A.) 
Resistance furnace, with auxiliary gas burner, for 
glass manufacture. PATENT-TREUHAND-GES. FUR ELEK. 
GLUBHLAMPEN M.B.H. Ger. 584,389, Sept. 19, 1933. 
(C.A.) 
Hardening glass disks or plates by air-cooling. Soc. 
ANON. DES MANUFACTURES DES GLACES ET PRODUITS 
CHIMIQUES DE Sr. GoBAIN, CHAUNY ET CrReEy. Ger. 
586,478, Oct. 21, 1933. (C.A.) 
Tunnel furnace for melting glass and firing painted 
glassware. Ya. I. Gurovicn. Russ. 30,403, July 31, 
1933. (C.A.) 


Structural Clay Products 


Development of a lightweight ceramic body. C. M. 
Nicuoitson. Jour. Can. Ceram. Soc., 2, 60 (1933).—N. 
gives a large list of references, summarizes the literature, 
and cites English and U. S. patents with notes on each. 
His work consisted of a study of (1) the most desirable 
lengths of cut straw, (2) methods and conditions of cutting 
the straw to preserve its cylindrical form, (3) methods of 
forming the ware, (4) most suitable types of clay, and 
(5) modulus of rupture of the fired bodies. With straw 
cut 1 in. in length all trials cracked in drying. Straw cut 
1/, and '/, in. in length proved usable. To avoid flatten- 
ing during cutting the straw was well soaked in water, cut, 
and dried; each short length then assumed its original 
cylindrical shape. Alluvial clay blended with 50% straw 
soft mud, was reduced 32% in weight and had a modulus 
of rupture of 815 lb. A plastic shale with 50% straw was 
reduced 33.7% in weight and had a modulus of rupture 
of 245 Ib. A very sandy stoneware clay with 50% straw 
was reduced 39.1% in weight with a modulus of rupture 
of 166 Ib. (underfired). The most favorable product for 
sound-proofing and acoustical purposes was produced by 
the casting process using a stoneware clay slip weighing 


25'/, oz. per pint and lightly mixing it with an equal or 
somewhat greater volume of dry, short-length cut straw. 
J.G.P. 
Sewer pipe and its problems. Paut E. Cox. Brick 
Clay Rec., 84 [2], 58-59 (1934).—The failure of the sewer- 
pipe manufacturers to follow their product into the in- 
stallation by working out a suitable jointing mixture has 
proved a serious detriment to sewer-pipe sales. New 
ideas should be tried as there has been practically no 
change in methods from the original production of pipe. 
Quality workmanship in installing sewer pipe is also 
necessary for it to hold its place against competitive 
products installed by high class workmen. For previous 
abstract see Ceram. Abs., 13 [4], 89 (1934). E.J.V. 
Accelerated and actual freezing and thawing tests of 
structural ceramic materials. W.E. Patterson. Jour. 
Can. Ceram. Soc., 2, 27 (1933).—The purpose of the pro- 
posed method is to judge the behavior of a structural unit 
in combination with mortar and (either free or loaded) 
under the precise condition and set up in the precise 
manner in which it is intended to be used. J.G.P. 
Effect of weathering shale on the size and properties of 
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face brick. C. A. Boorn. Jour. Can. Ceram. Soc., 2, 
33 (1933).—Weathering on Lorraine shale does not pene- 
trate a large pile any appreciable distance in a year. 
Material taken 2 ft. below the surface has no more shrink- 
age than newly quarried shale in either the dry-press or 
stiff-mud process. J.G.P. 
Tentative standards for paving brick. O. KALLAUNER. 
Stavivo, p. 215 (1933).—No. 1 quality: apparent specific 
gravity of at least 2.1, absorption 2%, crushing strength 
1600 kg./cm.*, resistance to abrasion 0.25/cm.*, impact 
strength for falling weight, 3 kg. through 130 cm., resis- 
tance to frost, allowance for length and width 2.5%, for 
thickness 5%. No. 2 quality: apparent specific gravity 
of at least 2.0, absorption 6%, crushing strength 1200 
kg./cm.*, resistance to abrasion 0.50/cm.*, impact strength 
for falling weight, 3 kg. through 110 cm., resistance to 
frost, allowance for length and width 3.5%, for thickness 


5%. R.B. 
Color and brick. Fr. Kies. Ziegelwelt, 64, 172-73 

(1933). (C.A.) 
The brick of the future. Kare: Jezex. Siavivo, 


p. 122 (1933).—The engineers, K. and R. Jezek, at Blansko 
have constructed a revolving press for the production of 
hollow tile closed on five sides. The tile have been called 
“‘Jestav-brick.’"’ The weight of one tile is about 6 kg., 
40% less than the weight of a full brick of the same size. 
Illustrated. R.B. 
Hollow tile closed on five sides. Pkixry_. 
Stavivo, p: 166 (1933).—The fifth side of an auger-made 
hollow tile is closed on a press called “‘Jestav.” R.B. 
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Paving brick. O. Katiauner. Silavivo, p. 135 
(1933).—In Moravia, Mikulov has a brick pavement used 
since 1907 and HruSovany has one used since 1908. The 
brick are from the Satov works near Tnojmo where paving 
brick have been manufactured since 1890. A description 
of stiff-mud and dry-press manufacture by Monier in 
France since 1928 is given. R.B. 


PATENTS 


Gray fired brick and method of making. R. L. Arxin- 
son (Arthur D. Little, Inc.). U. S. 1,949,524, March 6, 
1934. 

Production of brick and tile. VActav Rycarix 
Czechoslo. P-4351, May 30, 1930; Cement a beton, p. 22 
(1933).—The raw material is mixed with carbonaceous 
matter of low combustibility or matter partly burned. 
Coal fines in amounts to 20% may be added. R.B. 

Structural tile. A. Tuprer. Czechoslo. P-—2416-30; 
Stavivo, p. 205 (1933).—Cylindrical pieces attached to the 
side faces of the tile have openings which allow the units 


to be joined with iron rods. R.B. 
Permeable brick. VActav Rycatix. Cazechoslo. 

P-4351-31; Stavivo, p. 206 (1933). R.B. 
Porous brick and pottery. Aace NIELSEN. Ger. 


583,301, Sept. 1, 1933; see Fr. 735,954, Ceram. Abs., 12 
[6], 226 (1933). (C.A.) 
Apparatus for making cellular products from fused 
materials. WrLHELM BeNnzinceR. Ger. 583,470, Sept. 4, 
1933. (C.A.) 


Refractories 


Identification of crystalline substances by means of 
X-rays. B. E. WarREN. Jour. Amer. Ceram. Soc., 17 
[4], 73-77 (1934). 

Olivine as a refractory. R. A. HEINDL AND W. L. 
Penpercast. Bur. Stand. Jour. Research, 12 (2), 215-22 
(1934); R. P. 645.—Olivines representing three different 
deposits in N. C. and one each in Calif., British Columbia, 
and Russia were tested to determine the possibilities of the 
material as a refractory. The following results were 
reported: (1) The chemical analyses showed the silica to 
range from 40 to 45%, magnesium oxide 40 to 49%, iron 
as ferrous oxide 7 to 15%, and lesser amounts of alumina, 
calcium oxide, and titanium. (2) The rate of thermal 
expansion was fairly regular from room temperature to 
900°C except for slight irregularities between 200 and 
300°C, and between 650 and 700°C. The total expan- 
sion at 900°C ranged from 0.942 to 1.082%. (3) The true 
specific gravity ranged between 3.206 and 3.420 for the 
raw material and between 3.294 and 3.434 for the material 
after heating to 1400°C. (5) The softening point of the 
raw ore ranged from cone 30 to above cone 35 except for 
the material high in calcium oxide which varied from 
cones 11 to 16. (6) The olivines from N. C. were more 
refractory than those from the other sources. (7) The 
petrographic examination indicated the material to be 
essentially olivine although the percentages of forsterite 
and fayalite varied quite appreciably with the respective 
olivines. R.A.H. 
Behavior of alumina and silica with metal sulfides in 


relation to alumina recovery from siliceous raw material. 
X. Srepers E. J. Kontmever. Arch. Ersbergbau 
Ersaufbereit. Metallhiitienw., 1, 97-129 (1931).—In the 
Haglund process for the recovery of Al,O; from bauxite, 
bauxite is melted in an electric furnace with FeS and C. 
Silica separates as an Fe-Si alloy, while Al,S, lowers the 
melting point of the Al,O;, improving it for electrolysis. 
Al,S,-Al,O; mixtures give the lowest melting point (1008°) 
with a 1:1 mixture. Al,O,; begins to react with FeS or ZnS 
and C at 1300°. At 1500° reaction proceeds with con- 
siderable velocity. Because of the solution of reaction 
products in the melt, only part of the Al,O,; is converted 
to Al,S;. Metallic Si does not react with Al,S, at 1000 
to 1500°, but SiO, reacts with Al,S, in a graphite crucible 
at 1150°, almost completely to form SiS at 1450°. In 
N; at atmospheric pressure ZnS begins to volatilize at 
1150° and sublimes at 1470°. ZnS plus C begins to 
volatilize at 1000° and sublimes at 1350°. ZnS plus Si 
begins to volatilize at 900° and sublimes at 1150°. ZnCS 
is first formed, which reacts with SiO, in the presence of 
more C. SiO, can be volatilized from kaolin, alumina, 
and bauxite mixtures with ZnS and C as easily as with 
SiO, alone, but when FeS and C are used, reaction products 
are partly soluble in the melt, and complete volatilization 
of the SiO, does not occur. TiO, reacts with ZnS and C 
to form a sulfide, which is not easily volatilized. Up to 
1600° the TiO, in bauxite is not reduced, so that the Fe-Si 
alloy is free from Ti. (C.A.) 
Production of alumina from aluminum silicates. Yo- 
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coro Kato. Jour. Electrochem. Assn. [Japan], 1, 154-59 . 


(1933).—Upon standing for 2 or 3 hr. a mixture of Al 
silicates and concentrated H,SOQ, at 200° showed 95% 
conversion into Al,(SO,);. No stirring under high pres- 
sure is required but slight heating is necessary in some 
cases. Upon extraction pure crystalline Al,(SO,);-18H,O 
free from Fe and Ti was obtained with but 0.1% of FeO 
based upon Al,O; even from the aqueous solution contain- 
ing 10% of ferric salt. Action of NH; gas on Al,(SO,)«- 
18H,O in aqueous solution gives easily washable crystal- 
line AI(OH)s. Ferric salt is precipitated before the 
Al(OH); upon igniting the Al(OH); very pure alumina is 
obtained. (C.A.) 
“Reversible” thermal expansion of a silica brick. J. A. 
Sucpen. Jour. Soc. Glass Tech., 17 [68], 378-82 (1933).— 
The thermal expansion of a silica brick over the tempera- 
ture cycle 20 to 700 to 20° was found to be not strictly 
reversible; a small permanent expansion was observed. 
The extent of the permanent expansion rapidly decreased 
with each repetition of the cycle, and a decreased expan- 
sion over the range 20 to 700° occurred during each suc- 
cessive heating. A simple quantitative relationship was 
found between the decrement in expansion up to 700° and 
the corresponding permanent expansion. The mechanism 
of the expansion of an agglomerate is discussed in con- 
nection with the above relationship. A.J.M. 
Improving the quality of silica brick. ANON. Tonind.- 
Ztg., 58 [3], 30-31 (1934).—A discussion is given of the 
volume stability of silica brick and means of achieving it 
according to German patents, including (1) the use of 
calcium compounds, boric, phosphoric, and tungstic acids 
as mineralizers, (2) combining quartzite with bonding 
clay electrolytically liquefied, (3) additions of alkalis and 
of nonalkaline oxides to the silica mix containing lime, 
(4) additions of metallic materials such as copper, tin, 
antimony, lead, chromium, manganese, nickel, cobalt, 
etc., or their alloys or silicides, (5) additions of zirconium 
oxide or silicon carbide. M.V.K. 
Dilation and sensitivity of refractory brick to heat. 
ANoNn. Rev. mat. constr. trav. pub., No. 290, pp. 213-14B 
(1933). M.V.K. 
Electrocast. Viapmmir Skora. Stavivo, p. 33 (1933).— 
One of the oldest patents applying to the production of 
ceramic ware by melting the raw materials is the German 
patent No. 104,298 granted in 1898. Corning Glass 
Works, about ten years ago, put the first practical solu- 
tion of this problem on the market, the Corhart Electro- 
cast. Later production was begun at Modane, France, 
and at Falknov, Bohemia. While in America diaspore 
and kaolin are the raw materials, in Europe bauxite, re- 
fractory clays, and kaolin are used. Revolving resistance 
furnaces with a power consumption of about 500 kw. at 
temperatures of 1870 to 2200°C are used. They give an 
hourly output of about 300 kg. of molten material. Ferro- 
silicide is gained as a by-product. The cast blocks have 
some characteristics of both refractories and glass. The 
German Patent Office classifies such products as ceramic 
ware. See also Ceram. Abs., 13 [3], 64; [4], 93 (1934). 
R.B. 
Refractories and super-refractories. D. PEtir AND 
Marre. Congres du Chauffage Industriel Preprints, 
Group 4, Section 1, 6 and 4 pp. (1933); B.B.N.F.M.RA.., 


CERAMIC ABSTRACTS Vol. 13 


Serial 12, pp. 964-65.—P. deals with recent progress in 
production of industrial refractories and M. discusses 
carbon silicide and fused alumina and their applications. 
(B.B.N.F.M.R.A.) 
Artificial corundum. Production methods and proper- 
ties. Joun G. Sremn & Co. Refrac. Bull., No. 23 
(Nov., 1933); abstracted in Chem. Trade Jour. [London], 
93 [2431], 451 (1933).—Four definite crystalline modifica- 
tions of alumina are known: (1) Alpha-alumina, or arti- 
ficial corundum, is formed by heating the hydrates or other 
salts such as the chloride, nitrate, or sulfate to a sufficiently 
high temperature. It is also formed where fused alumina 
solidifies. (2) Beta-alumina is produced by fusing alumina 
with small amounts of magnesia or sodium carbonate. 
(3) Gamma-alumina is formed by heating the hydrates 
between 500 and 1100°; it also appears in clays when they 
are heated between 900 and 1100°. (4) Zeta-alumina has 
been noted only in special melts containing lithium oxide. 
Alpha-alumina (artificial corundum) can be produced by 
the following methods: (a) fusion process (Haglund), in 
which impure alumina hydrate (bauxite) is mixed with 
carbon and iron sulfide and heated; the molten mass 
forms two layers, an alumina-aluminium sulfide slag 
containing 80% alumina, and a lower layer consisting of 
an iron-silicon alloy; (b) alkali process (Bayer), in which 
the alumina is extracted by alkali from bauxite, alumina 
hydrate being precipitated from the resulting sodium 
aluminate solution; and (c) acid process, in which alumina 
is dissolved from clay by a mineral acid, the aluminium 
salt being subsequently decomposed by heat. Corundum 
(a-alumina) is extremely hard and highly refractory 
(melting point 2050°) and it retains its rigidity and load- 
bearing capacity up to over 1750°. It has a straight-line 
expansion curve, which enables it to resist thermal shock, 
and it resists the action of reducing gases such as H, and 
CO and tends to be more acidic than basic at high tem- 
peratures. With bases it generally forms high-tempera- 
ture compounds of the spinel type. From the melting 
curves (Wartenberg and Reusch, Ceram. Abs., 12 [2], 63 
(1933)), the effectiveness of compounds in lowering the 
melting point of corundum is, in increasing order, MgO 
(ZnO, NiO), TiO:, SiO,, CoO, Cu,O, CaO, Fe;O,, and 
Mn;Q,. The production of corundum refractories and 
their application in industry are briefly discussed. 
M.V.K. 
Mullicor, a new ceramic material. B. A. KuizH AND 
S. I. Skopitrmva. Keram. i Steklo, 9 [9], 24-26 (1933).— 
A series of experiments, based on the assumption that the 
dimensions of the grain of aluminium oxide and its shape 
have a great effect on the temperature of vitrification of 
the body, were made on mixes consisting of (1) AlyO; as 
oxide (obtained from bauxite) with kaolin in varying 
proportions and (2) Al,O; (natural corundum) and kaolin. 
The results are tabulated and shown on curves. It was 
found -that in mixes of (2) the porosity of the body in- 
creases with the corundum content, while in mixes of 
(1) the body becomes more dense with the increasing 
Al,O; content (up to 80% Al,O; and 20% kaolin); after 
this the body becomes porous again. Bodies produced 
from Mullicor mixes have a vitrified body and are only 


slightly inferior to the German sintered corundum bodies. 
M.V.K. 
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Determination of exact specific gravity of Dinas. P. P. 
Bupnikorr, A. A. GREBENIK, AND V. I. Enpovirzxri. 
Zavodskaya Lab., No. 5, pp. 27-29 (1933).—Samples 
varied from 2.32 to 2.51. (C.A.) 

Effect of MgO on physicochemical properties of Dinas 
brick. P. P. BupNrkorr AND N.S. Kassryan. Domes, 
No. 7, pp. 14-17 (1933).—Experimental brick containing 
0, 0.2, 0.3, 0.5, 1.0, and 2.0% MgO were prepared from 
mixtures of two kinds of quartzites. Microanalysis and 
macroanalysis and physicochemical tests showed that in 
every case the brick were of good quality. (C.A.) 

Studies of refractory materials. XVI. Chromite. 
Anon. Refrac. Jour., 10 [2], 70 (1934).—The composition 
and properties of chromite are described. For Part XV 
see Ceram. Abs., 13 [4], 100 (1934). A.J.M. 

Grain structure and physical properties of granulated 
special refractory materials. H.ApLER. Doctor’s Dis- 
sertation, Darmstadt, 1933. Reviewed in Feuerfest, 9 
{12], 163 (1933).—Equations for porosity and inner sur- 
faces of different granulations are developed and from 
them requirements for the optimum properties are deduced. 
The results are applied for the manufacture of silica brick 
from quartz sand. Improvements in the analysis by sedi- 
mentation are discussed which show an independence of 
temperature and enlarge the range of measurements. 

M.V.K. 

The term “refractoriness.” Wa.O. Feuerungstechnik, 
22 [1], 12 (1934).—A discussion of the term “refractori- 
ness’, which in some cases is technologically irrational and 
lacks clearness, is given. M.V.K. 

New ceramics of pure, highly refractory oxides. E. 
RisHkevicu. Elektrowdrme, 4 [2], 30-31 (1934).—The 
particular difficulties in using metal oxides with very high 
melting points as refractory materials due to their low 
plasticity and deformability are discussed. Al,O; in the 
system Al,O;-SiO, is used chiefly; its melting point is 
2050°C and it is at present possible to make an absolutely 
dense and chemically permanent product even at 1800°C. 
Pyrometer tubes are made of it. BeO is superior; its 
melting temperature is 2500° and its chemical stability is 
great especially against reducing influences; its electrical 
resistance is higher than that of Al,O;. It must be pro- 
tected at high temperatures from contact with other oxides, 
however, as easily melting compounds might be formed. 
ZrO, is not attacked by strongly acid and strongly basic 
substances, C, H, and sulfuric vapors. Objects made of 
ZrO, can be used up to 2500°C. It is not quite as dense 
as Al,O; or BeO; the electrical conductivity is consider- 
ably higher as in other pure, refractory oxides. At high 
temperatures, ZrO, with C forms a carbide at the surface 
which oxidizes again to ZrO,. Magnesia has 96 to 97 
MgO content. Magnesite brick can be used up to 2400°; 
at 2000° under a pressure of 2 kg./cm.? they show no 
softening if made from pure material. MgO apparatus is 
particularly suitable for use with basic slags, in melting 
Pb, etc. ThO, has the highest melting point, 3000°C, a 
specific gravity of about 10, and is resistant to basic sub- 
stances. High thermal expansion coefficient and low 
temperature conductivity are a drawback. Zirconium 
silicate (ZrSiO,) and spinel (MgOAI,O;) are used for 
apparatus, crucibles, tubes, etc., for temperatures up to 
1750 and 2000°C, respectively. M.H. 
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Recording kiln-brick performance. T. N. Harrner. 
Pit & Quarry, 26 [9], 46 (1934).—A graphic method of 
showing the length of service of kiln brick was designed. 
Illustrated. E.J.V. 

Application of insulating materials to industrial furnaces. 
J. D. Kerrier. Jour. Amer. Ceram. Soc., 17 [4], 77-87 
(1934). 

Ceramic insulating parts for electric resistance heating. 
E. Atpers. Elektrowdrme, 4 [2], 25-29 (1934).—Ceramic 
bodies used in resistance furnaces are discussed as to 
stability against temperature fluctuations, mechanical 
strength, insulating capacity at elevated temperatures, and 
refractoriness. Means for improving these properties and 
formulas for their determination are developed from 
practice. Bibliography. 


fire clay soapstone soapstone fire clay 

Impact bendin 
strength (kg. cm./- 
cm.*) 


. 1.6 1.5 1.7 
Bending strength 
(kg./cm.*) 330 150-180 
Tensile strength 
(kg./cem.*) 90 
Compressive strength 
(kg./cm.*) 520 
Expansion coefficient 
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{ 300° 
| 500° 
{ 700° 


Specific in- 
sulating re- 
sistance 
(ohm/cm.) 

Softening temperature 
(°C) 


Porosity (volume % 
approximately) 
Density (g./cem.*) 


M.H. 
Economy of material for heat insulation. W. Fiscuer. 
Elektrowdrme, 3 [8], 262-67 (1933).—Principles of com- 
paring heat insulation with respect to efficiency and 
economy are discussed, formulas are developed, and tables 
are given for heat conductivity, expansion coefficients, 
(German) prices, weights, maximum temperatures for 
safe use, and mechanical strength. Directions are given 
for selection and design of the most economical wall thick- 
ness under given conditions. M.H. 
Effect of thermal insulation on the structure of Dinas 
brick. P. I. Yuprvson. Keram. i Steklo, 9 [9], 21-24 
(1933).—Two Dinas brick used 10 months in the crowns 
of glassmelting furnaces were studied. One of them was 
from a crown with thermal insulation, while the other was 
not. The brick from the insulated crown still had a high 
mechanical resistance and was of a lighter color, while the 
other consisted of several easily crumbled pieces. Chemi- 
cal analysis of both brick showed very little difference. 
The differences in the physical stability are due to struc 
tural changes occurring in the brick and not to chemical 
factors. Illustrated. M.V.K. 
Thermal insulation of crowns of glass furnaces as a 
means of saving fuel and Dinas brick. N.P. Krasnrxov. 
Keram. i Steklo, 9 [9], 20-21 (1933).—On the basis of 
theoretical considerations and experimental data, K. 
points out that thermal insulation of the crowns of glass 
furnaces permits the reduction of gas consumption by 
10% and the total quantity of Dinas brick by half because 
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of a double increase in their life. Changes appearing in 
Dinas brick (connected with the formation of tridymite) 
occur irregularly and the brick become inhomogeneous 
when the crowns are not insulated; with a thermal insula- 
tion the tridymitization of the brick proceeds uniformly 
and the brick becomes more stable and durable. 
M.V.K. 
Control of the thermal properties of refractory materials. 
ROBERT HADFIELD AND R. J. SARJANT. Refrac. Jour., 
10 [2], 62-66 (1934).—Approximately one-third of the 
heat put into a furnace is lost through storage in the 
walls. Tables showing the distribution of heat losses in 
typical furnaces, the time to heat up, and the storage of 
heat in furnace walls are given. A.J.M. 
Refractory concrete for boiler settings. ANon. Eng. 
Boiler House Rev., 46 [5], 331 (1932); abstracted in 
Feuerfest, 8 [12], 179 (1932).—Durax I is a bauxitic re- 
fractory suitable for rapid repairs. Its refractoriness 
corresponds to Seger cone 37 (1830°) and it has a very 
small change in volume after drying and firing. Durax II 
is a dry powder used as ordinary concrete. The mass sets 
in 24 hr. without shrinking and its refractoriness corre- 
sponds to Seger cone 26 (1600°). Pyrocrete is a refrac- 
tory material consisting of chromium oxide; it is utilized 
for the manufacture of stamped hearths of forge and firing 
furnaces; it is not affected by slag containing iron. 
M.V.K. 
Mined soapstone brick for boiler combustion chambers. 
O. V. Nerep’eva, P. T. MAKUSHEVICH, AND A. I. DvorEtTz- 
Kil. Izvestiya Teplotekh. Inst., No. 4, pp. 36-47 (1933).— 
The soapstone had the composition: SiO, 32.50, AlO; 
2.60, Fe,O; 4.60, FeO 1.93, MgO 35.04, CaO 0.40, Na,O + 
K,O 0.75%, loss on ignition 23.37%, HzO (at 105°) 0.04%. 
Specific gravity of the raw stone was 2.926 and of the 
fired stone (1300°) 3.265. The decomposition of MgCO,; 
to MgO and CO, takes place at 800 to 900° and this heating 
period should be prolonged to avoid cracks due to the 
separation of CO,. At 100° the talc is transformed into 
MgO-SiO, and the zone of 2MgO-SiO, is reached at 1450°. 
Soapstone brick withstand 1300° without deterioration. 
They are resistant to basic slag. (C.A.) 
Selection of lining for revolving furnaces when manu- 
facturing Portland cement and sulfuric acid from gypsum 
and clay. P. P. Bupnrkorr ANp S. A. GICHAREVITSCH. 
Tonind.-Zig., 58 [7], 71-72; [8], 83-84 (1934).—For the 
zone of maximum dissociation of CaSO, and that of the 
sintering of the clinker, grog brick with a minimum 
alumina content of 42% should be used. The porosity 
of these brick should be 8% and the additional linear 
shrinkage should not exceed 0.5% with repeated firing for 
2 hr. at 1450°. Periclase crystals of magnesite brick 
withstand the attack of clinker well, but the bonding 
materials do not. A considerable disadvantage of mag- 
nesite brick is their sensitivity to sudden temperature 
changes; they are easily destroyed by the reducing at- 
mosphere at 1450°. Dinas brick having a specific gravity 
of 2.38 are strongly attacked, those having a specific 
gravity of 2.42 are corroded, and those having a specific 
gravity of 2.49, more. Black Dinas has a markedly 
greater strength. Semiacid brick (quartz-grog) are 
noticeably corroded. Chromite-magnesite brick with- 
stood the tests well. The clinker does not enter into 
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reaction with the brick. Their disadvantage is a high 
expansion due to heat. M.V.K. 
Develop tests for bung brick. ANon. Foundry, 62 
[1], 14 (1934).—The bung is submitted to actual service 
conditions and a direct comparison of the two types of 
brick is made. Illustrated. F.G.H. 
Expansion of silica brick of the coke-oven lining during 
firing. M.I. Tacunov. Coke and Chem. [U.S.S. R.], 
No. 2, pp. 55-61 (1932).—A study of heat resistance and 
expansion of fire brick (approximate composition: SiO, 
95.5%, CaO 2.3%, AlsOs 1.1%, FezO; 0.6%; fusion 1710°; 
specific gravity 2.36) was made from plant observations. 
Data are tabulated. The following procedure is recom- 
mended for breaking in a newly lined coke oven: (1) dry- 
ing for 20 days, average temperature rise 4 to 5° per day; 
(2) during the following 23 days, the temperature is raised 
from 105 to 420°; (3) during the next 15 days the tem- 
perature is raised to 900°; (4) finally for 8 days it is raised 
from 900 to 980°. (C.A.) 
Sand-clay refractories and their use in glass furnaces. 
N.E Romancna. Keram. i Steklo, 9 [9], 10-19 (1933).— 
Examples of the rational use of sand-clay refractories in 
various glassworks are described. The material is pro- 
duced from a mixture of raw refractory clay (35%) and 
quartz sand (65%). Its melting temperature is from 
1720 to 1750° and its behavior during melting is similar 
to that of silica brick. It an advantageously replace 
the latter in the crowns o small and medium-sized glass 
furnaces. The life of the setting of a tank made of sand- 
clay refractories is not shorter than that of average fire 
brick. Its defect is a low mechanical resistance. Its low 
price and the facility of its mechanical production make 
this material advantageous in many cases. M.V.K. 
Slag-resisting crucibles for the coreless induction 
furnace. ANON. Metallurgia, 9 [50], 54 (1933).— 
Durable rammed-up crucibles are obtained when the 
refractory material is used in different gradings, part being 
in powder form. The finely ground material is mixed 
with a suitable bond which gives the necessary dry strength 
and facilitates sintering. Methods to reduce the effect 
of slag on crucibles and experiments with Siemensite 
(spinels of the composition FeO (Al,O;, Cr,O;) and MgO 
(Al,O;, Cr,O;) and a silica bond) as refractory material are 
mentioned. M.V.K. 
Graphical methods for the calculation of furnace walls. 
W. Fiscuer. Elektrowdrme, 4 [2], 32-38 (1934).—For- 
mulas for calculating furnaces with plane walls and tubular 
furnaces of large sizes for which the heat losses shouid not 
exceed a given maximum are developed with and without 
taking into account the temperature coefficient of the 
material. M.H. 
Practical use of conductivity measurements in industry. 
Hetimut Chem. Fabrik, pp. 341-42 (1933).— 
Six diagrams for wiring home-made apparatus are shown. 
(C.A.) 
Progress in dolomite linings for furnaces. ANON. 
Brit. Clayworker, 42 [502], 319-21 (1934).—A historical 
review of dolomite refractories and various methods of 
calcining dolomite, its use in lining or relining different 
types of furnaces, and methods of ramming are discussed. 
R.A.H. 
New checker brick gives more efficiency to stoves in 
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blast furnaces. M. Bamey. Brick Clay Rec., 
84 [2], 56-57 (1934).—American open-joint checker brick 
are produced in four designs, intended to give a greater 
heating capacity at a lower cost than regular fire brick. 
A solid wall is insured and dead flues are eliminated as 
the horizontal interlocking prevents shifting and vertical 
side openings produce free cross-circulation with no hori- 
zontal surfaces so that no flue can clog for more than the 
length of one brick. The first installation used 1,300,000 
Ib. of these checker brick. Illustrated. E.J.V. 
Fired clay used in steel industries. ANon. Foundry, 
62 [1], 24 (1934).—The physical and chemical properties 
of calcined chamotte, a highly aluminous clay, for facing 
use in European steel foundries are described. F.G.H. 
Furnace construction to reduce slag attack on refrac- 
tories. F. H. Norton. Fuels & Fur., 12 [1], 11-17 
(1934).—The value of various types of refractory for slag 
resistance is discussed. Several types of construction 
that will aid in increasing the slag resistance of the refrac- 
tories are described. Illustrated. See also Ceram. Abs., 
12 [10-11], 378 (1933). E.J.V. 
Shaping refractory brick. Hans Kremski. Tonind.- 
Zig., 58 [1], 4-5 (1934).—A description of the mechanical 
molding of grog brick, plugs, and molds for foundries is 
given. M.V.K. 
Grinding and refractories research. ANON. Chem. 
Trade Jour. [London], 93 [2430], 431 (1933).-—Reports 
made by Carey and Bosanquet (this issue, p. 127), Sugden 
(p. 120), and Inglis (p. 126) are discussed. M.V.K. 
Luckenauer sagger clay of the Werschen-Weissenfelser 
Braunkohlen A.-G. Orro Krause. Sprechsaal, 67 [4)}, 
43-45 (1934).—A description is given of the deposits, geo- 
logical formation, structure, and chemical and ceramic 
properties of Luckenauer clay. Its high plasticity and 
capability of bonding make this clay especially suitable 
in the manufacture of saggers. M.V.K. 
Evaluation of bauxites. I. N. MasLenirzxil. Gorno- 
Obogatitelnoe Delo, No. 2-3, pp. 14-24 (1933).—M. dis- 
cusses methods for the evaluation of Russian bauxites for 
metallurgical purposes. See also Ceram. Abs., 11 [6], 370 
(1932). (C.A.) 
Kaolin, clays, and refractory materials in Italy. Pas- 
QUALE Morica. Corriere ceram., 14, 79-96 (1933). 
(C.A.) 
Deposits of refractory raw materials in Czechoslovakia. 
Jan Sreyskat. Zprdvy Ceskoslov. keram. spoletnosti, 
pp. 5-48 (1932).—Czechoslovakia is rich in first-quality 
kaolins, refractory clays, magnesites, graphites, and 
quartzites. The best kaolin is from the tertiary forma- 
tion. The decay of mica minerals caused by organic 
acids and carbon dioxide produced this clay. The best 
Czechoslovakian kaolins originated in the environs of 
Karlovy Vary from granites, those near Plzehi from 
acroses, those near Kadah and at Znojmo (Moravia) from 
gneiss. Refractory clays are found mainly in north- 
western Bohemia and western Moravia. They belong to 
the following formations: permo-carbonic, jurassic, chalk, 
and tertiary. The best magnesite deposits are in Slovakia. 
They are equal to and, in many ways, surpass Styrian mag- 
nesite. In the Slovakian ore mountains a zone of mag- 
nesite deposits reaches 120 km. Bohemian graphite from 
¢. Krumlov is known even in foreign countries. For the 
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manufacture of silica quartzites are used. The best of 

them are from oligocene and miocene formations in north- 

ern Bohemia. R.B. 
BOOKS 


Thermal Insulation. Ezer Grirritus. A reprint of 
3 Howard Lectures, 48 pp. Royal Society of Arts, Lon- 
don, 1933. Price 2s 6d. Reviewed in Trans. Inst. Chem. 
Eng., 10, 35 (1932).—The second reprint deals with insu- 
lation at high temperature and describes the qualities of 
asbestos, alone or mixed with magnesia, plaster, clay, etc., 
of diatomaceous earth and brick, and of Fibrox (silicon 
oxycarbide). H.HS. 

Mn facture of Refractories for Glass Furnaces. 
K. F. Leonov. State Chem. Trust, Moscow and Lenin- 
grad, 1952. 64 pp. Price 45 kopeks. Reviewed in 
Keram. i Steklo, 9 [9], 37 (1933).—This book describes in 
a popular way with practical data the requirements of 
refractories used in the glass industry and the manufacture 
of grog brick. M.V.K. 

PATENTS 


Method of manufacturing alumina. W. M. SAanpers 
(Kalunite Co.). U.S. 1,948,887 and 1,948,888, Feb. 27, 
1934. 

Refractory article. T. M. Caven (Corning Glass 
Works). U. S. 1,949,038, Feb. 27, 1934. A refractory 
article consists of refractory aluminum-oxide grains and a 
binding medium consisting of a refractory aluminum 
phosphate. 

Treatment of aluminum hydrate. W. H. Girzen 
(Aluminum Co. of America). U.S. 1,950,883, March 13, 
1934. A method of producing alumina substantially free 
from soda from aluminum hydrate containing a small 
amount of soda as an impurity comprises calcining the 
hydrate at a temperature between 400 and 925°C and 
subsequently leaching the calcined product with a solution 
of an acid. 

Checkerwork. E. A. Brown, Jr., AnD M. M. Marks 
U. S. 1,951,047, March 13, 1934. 

Method of construction of the masonry of industrial 
furnaces, particularly Siemens-Martin furnaces. C. Orro 
& Co., Ges. Brit. 405,527, Feb. 14, 1934. 

Slip casting and molding of refractory oxides. F. L. 
CLARK AND IMPERIAL CHEMICAL INDUsTRIES, Ltp. Brit. 
405,978, Feb. 28, 1934. 

Lining for electric furnaces. Joser ErreNnBeRGER 
Czechoslo. P-5172, July 3, 1931; Cement a beton, p. 22 
(1933).—Diatomaceous earth, to which 10 to 60% of 
refractory clay or kaolin has been added, is pugged, molded, 
dried, and fired to 400 to 1000°C. The calcined body is 
ground and, after a further addition of 10 to 60% of re- 
fractory clay, is molded, dried, and fired again to 500 to 
1000°C. R.B. 

Brick. HeRMANN SALMANG AND BENNO WENTZ. Fr. 
714,804, April 4, 1931. Brick of high resistance and maxi- 
mum content of tridymite are made by adding an alkali 
and a flux for the alkali, such as an oxide of Mg, Fe, Zn, 
Ni, Co, or Mn, to the usual siliceous materials. Fr. 42,072, 
May 19, 1933. In making silica brick the desired degree 
of conversion to tridymite is obtained by regulating the 
amount of flux added and the temperature. The flux is 
added in an insoluble form. (C.A.) 
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Refractory carbides. N. V. Pups’ GLOEILAMPEN 
FABRIEKEN. Fr. 749,349, July 22, 1933. Refractory car- 
bides are prepared by heating a body consisting, at least 
in part, of C to a suitable temperature in an atmosphere 
consisting of one or more volatile compounds of the ele- 
ments of which it is desired to prepare the carbides, prefer- 
ably in the presence of H. See also Ceram. Abs., 12 [10-11], 
381 (1933). (C.A.) 

Fireproof building material. ArtTuHux SPRENGER. Ger. 
577,932, June 7, 1933. Oxides of Cr, Al, Mg, and Si are 
fused together at high temperatures the amounts being 
arranged so that the compounds MgO-Al,O;, MgO-Cr,O;, 


and Al,O,-SiO, result. Minerals or compounds containing 
oxides of the above may be used as starting materials. 
(C.A.) 
Refractory masses. ARTHURSPRENGER. Ger. 582,235, 


Aug. 11, 1933. Addn. to 577,932 (see preceding patent). 
(C.A.) 

Silica brick. HERMANN SALMANG AND BENNO WENTZ. 

Ger. 570,215, Feb. 13, 1933. In making silica brick by 

the method of 555,767 (Ceram. Abs., 12 [3], 114 (1933)), 

t.e., by adding alkali compounds free from Al to a SiO, 


mass, the alkali is added as Na,SiFs. See also Ger. 
7,286, tbid., 12 [7], 268 (1933). (C.A.) 
Heat-insulating composition. Paut KAUFFMANN 


G.m.B.H. Ger. 582,368, Aug. 14, 1933. Siliceous resi- 
dues from the manufacture of Al,O; are mixed with lime 
and a solution of saponin or other foaming agent to pro- 
duce a cellular mass, which is allowed to set in molds. 
(C.A.) 
Silica brick. Hernricn Koprers A.-G. Ger. 582,446, 
Aug. 15, 1933. Comminuted siliceous material such as 
quartzite or quartz sand is mixed at a raised temperature 
with quicklime and water, and the product is mixed with a 
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further amount of siliceous material. The whole mixture 
is molded and fired. (C.A.) 
Refractory masses. Ture R.Hactunp. Ger. 582,800, 
Aug. 23, 1933. Highly fireproof masses are produced by 
fusing materials containing 80% or more of oxides of Mg, 
Al, and Cr, the residue being oxides of Si and Fe, with 
optional small amounts of CaO. See also Swed. 70,995, 
Ceram. Abs., 12 [10-11], 381 (1933). (C.A.) 
Cast refractory brick for Siemens-Martin furnaces, 
etc. ARTHUR SPRENGER. Ger. 583,125, Aug. 29, 1933. 
Constructional features are described. (C.A.) 
Refractory compositions. Vicror M. GoLpscHMIDT 
(Rudolf Knudsen, co-inventor). Ger. 583,194, Aug. 31, 
1933. Compositions consisting mainly of Mg orthosili- 
cate are prepared by heating talc with MgO or magnesite 
to a temperature insufficient to fuse the mixture, e.g., to 
1300 to 1450°. Natural Mg orthosilicate may be added 
to the initial mixture. (C.A.) 
Refractory ceramic articles. Deurscue Ton- & Srein- 
ZEUG-WERKE A.-G. Ger. 583,195, Aug. 31, 1933. Arti- 
cles made from an ordinary ceramic composition are pro- 
vided with an internal supporting framework of a material 
more highly resistant to temperature and pressure and of 
similar composition. Thus, a standard composition com- 
prising chamotte and clay may be molded around a frame- 
work of SiC and then fired in the usual way. The prod- 
ucts retain their shape when subjected to a bending force 
at a high temperature and pressure. (C.A.) 
Porous refractory articles. N.V. VEREENIGDE NEDER- 
LANDSCHE CHAMOTTE-FABRIEKEN. Ger. 586,442, Oct. 21, 
1933. A mixture containing chamotte, refractory clay, 
and 50 to 90% by volume of Scottish cannel coal is molded 
and fired. The coal employed should yield not more 
than 10% of ash, which should be of high melting point. 
(C.A.) 


Terra Cotta 


Lignite ash. Studies concerning its use as a cheap 
glaze material for heavy clay products. W.G. Worcgs- 
TER. Jour. Can. Ceram. Soc., 2, 21 (1933).—The pos- 
sibility of using lignite ash as a cheap glaze material was 
studied, it having been observed that in kilns fired with 
lignite (with forced draft) a considerable quantity of fine 
ash powder was conveyed upward into the crown of the 
kiln where it settled on the ware and eventually fused to 
a slag at the higher temperatures. The general results are 
as follows. Series A: This series, which carries ash, salt, 
and fluorspar, has proved in general the best, in that the 
shades and colors developed are attractive, and some of the 
blends give glazes which are good over a fairly wide heat 
range, the most favorable being between cones 4 and 7. 
Series B: In this series, ash, salt, and cryolite were used 
and resulted in russet-brown shades overcast with green, 
though at the higher temperatures the general shade is 
tan-brown, not unlike a medium fired albany slip glaze. 
The best heat range appears to lie between cones 5 and 7. 
Series C: This series consists of ash, red lead, and soda 
feldspar. In general the shade is a dark dead brown and 
unsatisfactory, and the temperatures necessary to pro- 


duce the glazes are rather high, ranging from cones 8 to 
10. Series D: In this series an investigation was made of 
lignite ash, free flint, and volcanic ash. The results are 
of interest in that the shades or colors produced are pleas- 
ing and, in the main, good. Most of them are russet- 
brown overcast with olive green. In the high silica area 
the general shade varies to a grayish green, and a greater 
degree of fusibility can be noted. The heat temperature 
ranges are cones 5 to 7. J.G.P. 
Is terra sigillata a secret? Cari Nursst. Sprechsaal, 
67 [4], 45-46 (1934).—The engobe is applied on unfired 
bodies. The firing can be done in every'kiln at an ordinary 
pottery temperature. The color of the finished coating 
depends on the firing color of the clay employed for the 
preparation of the engobe. It is possible to produce an 
engobe equivalent to a real sigillata coating from every 
highly plastic clay. M.V.K. 
Steel tanks lined with nonabsorbent acid-resistant 
vitreous blocks. ANON. Iron Age, 132 [8], 25 (1933).— 
Details are given of the manufacture and use of a new 
ceramic product used in lining steel containers to make 
them acid resistant. A.K. 
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Effect of “‘souring” clay for roofing tile. ANon. Brit. 
Clayworker, 42 (502), 333 (1934).—The chief conclusions 
from a short study of one clay are as follows: (a) souring 
definitely increased the strength; (5) even one day’s 
souring is advantageous; (c) souring for more than 4 days 
with the clay studied may not be worth the cost of longer 
storage. R.A.H. 

Practical clayworking. X. Anon. Brit. Clayworker, 
42 [502], 316-18 (1934).—A discussion on the manufacture 
of plaintile by the mechanical, semidry, and bat systems 
or processes is given. For Part IX see Ceram. Abs., 13 
[4], 89 (1934); for Part VIII see ibid., 13 [3], 61 (1934). 

R.A.H. 

Scientific and practical study of principal products for 
flooring in dwellings. X-XI. F. CuHaramer. Rev. mat. 
constr. trav. pub., No. 290, pp. 206-209B; No. 291, pp. 
231-33B (1933)—The cleansing and maintenance of 
ceramic and other products used for flooring are discussed. 
For Part IX see Ceram. Abs., 13 [3], 65 (1934). M.V.K. 

Structure of ceramic pressed masses. Rup. Juca. 
Tonind.-Ztg., 58 [1], 3-4; [2], 14-17 (1934).—J. discusses 
reasons for the appearance of cracks and fissures in pressed 
clay products and ways to avoid them, including the 
vacuum press. M.V.K. 

Attempts to de-air ceramic mixes. Ros. Ss.zer. 
Tonind.-Zig., 58 [3], 31 (1934).—S. describes an apparatus 
used with success since 1927 to de-air masses for the manu- 
facture of socket pipes. Illustrated. M.V.K. 
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Ceramic acoustical material. Ricnarp Ericson, J. S. 
OrFuTT, AND J. R. Parsons (United States Gypsum Co.). 
U. S. 1,948,878, Feb. 27, 1934. The process of producing 
a fired clay ceramic tile comprises first forming a de- 
flocculated clay slip and adding thereto a tenacious foam 
and an agent capable of reflocculating the slip after a 
definite lapse of time, thereupon incorporating ligneous 
fibers with this mixture, placing the final mixture into a 
mold and letting it set up therein, drying the form, and 
then firing to harden it while at the same time firing out 
the added fibers which thereby produce interconnecting 
passages between the voids left by the foam. 

Antislipping tread and method of making. Epwarp 
VAN DER Pyt. U.S. 1,949,517, March 6, 1934. 

Roofing tile. F.Stavix. Czechoslo. P-3164-32; Sta- 
vivo, p. 206 (1933).—An auger-made tile has an opening 
in the middle rip. Above the line where the tile overlap 
the lower portion of the tile has a groove which runs to the 
opening mentioned. A nail put through this groove into 
the opening fixes the tile to the tiling lath. R.B. 

Stoneware articles, etc. JEAN M.Larce. Fr. 751,726, 
Sept. 8, 1933. Mg sands containing 28 to 32% MgCO; are 
used in making stoneware pipes, tile, etc., and in making 
champagne bottles. (C.A.) 


White Wares 


Factors for the calculation of ceramic and nonmetallic 
minerals. KENNETH G. SKINNER AND Hewitt WILSON. 
Jour. Amer. Ceram. Soc., 17 [4], 93-115 (1934). 

Effect of fineness of flint on vitrification of a ceramic 
body. C. W. PARMELEE AND W. R. Morcan. Ceram. 
Ind., 22 [3], 146-52 (1934).—Decreasing particle size of 
flint produces remarkable changes in vitrification behavior 
and strength of the body. Decrease in average diameter 
of the flint particles produced an approximately linear de- 
crease in porosity of the fired body when intermediate 
average diameters were obtained by blending coarse and 
fine fractions of flint, thus giving a wide distribution of 
grain sizes of about the average diameter. A decrease in 
average diameter from 45 to 10 microns increased the 
modulus of rupture of the body from 4350 to 8000 Ib. per 
sq. in. or 84% at cone 10. E.J.V. 

Electric breakdown by heat of ceramic masses in rela- 
tion to their thickness. C. Scuusrerrus. Elekirowdrme, 
4 [2], 38-41 (1934)—A material containing a high per- 
centage of soapstone and a kaolin fire clay were investi- 
gated with regard to electric insulation as a function of the 
thickness of the layer and temperature. The former is a 
dense product; the latter has a porosity of 12% by volume. 
The breakdown curve is a straight line as a function of the 
thickness at all temperatures investigated (up to 900°C); 
the inclination against the abscissa is smaller, the higher 
the temperature and the more porous the material. The 
tests are described in detail. Bibliography. M.H. 

Boric glaze for faience of the Slavutskii works. A. 


SsaTernserc. Keram. i Steklo, 9 [9], 7 (1933).—The 
leadless glaze developed is of the following composition: 
frit: 33.65% borax, 11.25 chalk, 2.5 feldspar, 34.7 silica, 
1.2 soda; the glaze: 6.5% raw kaolin, 6.5 fired kaolin, 
87.0 frit. The chemical composition of the glaze is 57.34% 
SiO,, 13.39 Al,O;, 0.16 TuO;, 8.35 CaO, traces of MgO, 
10.16 B,O;, 6.62 Na,O, 2.21 K,O. The Seger formula 
used is 0.529 CaO, 0.462 Al,O;, 3.372 SiO,, 0.388 Na,O, 
0.004 F, 0.511 B,O,, 0.083 K,0. Acidity is 3.01. 
M.V.K. 
Using waste products of the production of aluminium 
chloride from kaolin in the ceramic industry. P. P. 
BUDNIKOFF AND M. Ya. Sotomonov. Keram. i Steklo, 
9 [9], 9 (1933).—During the production of AICI, there is 
a large amount of waste product (on 100 tons of kaolin 
there are 60 tons of waste) composed of 88 to 96% SiO; 
in a finely dispersed state, 12 to 14% Al,O,, and traces of 
CaO. Attempts to employ it in the manufacture of ceramic 
ware are described. The faience mix was composed of 
33.1% kaolin, 30.2 clay, 31.7 waste product, and 5 cullet. 
The molded ware was fired to 1280°; porosity of the 
body was 14 to 16%. The ware was glazed and fired to 
1220°. The ware obtained was very white and without 
any defects. The glaze frit was 13.2% silica, 33.6 feld- 
spar, 14.4 chalk, 18.4 lead litharge, 19.9 borax, and 1.5 
kaolin; the glaze was 82.60 frit, 10.60 silica, and 6.80 
kaolin. M.V.K. 
Metasilicate, its detergent applications. T. K. CLeve- 
LAND. Soap, 9, 19-21 (1933).—C. discusses the use of 
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metasilicate in laundries and for glassware, households, 
and the metal industry. (C.A.) 
Meissner porcelain for laboratory and plant. W. Fun«. 


Farben-Chem., 4, 219-20 (1933).—Historical. (C.A.) 
Chinaware and enamels. H. Srimpxe. Silavivo, p. 
213 (1933).—Illustrated. R.B. 
PATENTS 
Water closet. J. C. Dungr (Duner Co.). U. S. 


1,948,101, Feb. 20, 1934, and U. S. 1,949,246, Feb. 27, 
1934. 

Waterless cooking utensil. J. T. Morcan. U. S. 
1,948,124, Feb. 20, 1934. 

Water-closet bowl. F.T. Meyer (Meyer-Sniffen Co.). 
U. S. 1,948,970, Feb. 27, 1934. 

Method and means to increase the electric insulating 
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property of ceramics such as porcelain. Isipor KiTsEs. 
(Mineralite Corp.). U.S. 1,949,311, Feb. 27, 1934. 

Water closet. R.G. Howson. Brit. 405,636, Feb. 21, 
1934. 

Ceramic nozzles for spinning rayon, etc. PoRZELLAN- 
FABRIK. PH. RosentHaL & Co. A.-G. Ger. 577,562, 
June 1, 1933. A flux such as feldspar is mixed with the 
ceramic mass so that a glaze is formed on the nozzle dur- 
ing the firing without addition of a glaze powder. 

(C.A.) 

Ceramic articles. Rupotr E. Heerp. Ger. 587,097, 
Oct. 30, 1933. A composition for making lustrous trans- 
lucent ceramic articles comprises feldspar and subordinate 
amounts of kaolin and quartz, the latter having been pre- 
viously fused and comminuted. The composition is 
molded and then given a single firing. (C.A.) 


Equipment and Apparatus 


Simple method for obtaining photographic records of 
time-settle curves with elutriation. G.GoL_tNow. Jour. 
Amer. Ceram. Soc., 17 [4], 116 (1934). 

Elutriation and microscopic examination of finely 
ground mineral grains. H. K. Ssrrrers AND A. F. 
Evans. Proc. Australasian Inst. Mining Met., 88, 423-77 
(1932)—-The Andrews elutriator is described and the 
method of use around a mill is discussed in detail. The 
effects of the following variables on the operation of the 
elutriator are discussed: kinetic effect, hindered settling 
effect, and time of separation. The briquetting and 
microscopic examination of finely ground mineral grains 
are described in detail. (C.A.) 

Determination of particle size in grinding powders and 
their fractionation by continuous elutriation. C. BENE- 
DICKS AND P. E. WrReEtTBLAD. Jernkontorets Ann., 117, 
419-41 (1933).—Sedimentation methods for the fractiona- 
tion of American Optical Co. grinding powders failed to 
give results comparable with micrometric measurements. 
Two causes were found to explain this: (1) the particles 
seemed to drop in swarms without classification, and (2) 
convection currents caused upward flow near the wall of 
the sedimentation tube and. downward flow in the middle. 
A tube was constructed in which the liquid was given a 
temperature gradient so that a continuous increase of 
density downward was effected to prevent irregular cur- 
rents. The particles were kept in suspension by an air- 
free 0.008 M Na,P;O; solution. By taking account of the 
variation in density and viscosity down the tube, Stokes’ 
formula may be applied directly, and experiments show 
that the fractionation corresponds closely to micrometric 
measurements. Samples of 1 mg. suffice for a deter- 
mination. Sedimentation,to particles of lu and 2y re- 


quires 10 and 2 days, respectively. To prepare uniform 
powders for dry-polishing Fe samples a continuous ap- 
paratus was devised in which liquid and powder were fed 
concurrently through a series of chambers of increasing 
diameter. This apparatus was found capable of fractionat- 
ing 200 g. in 10 days and producing a uniform powder of 
2 to 4u and 3 to 6u without any coarse particles. 


(C.A.) 


Determination of pore size in ceramic bodies. Orro 
Bartscu. Ber. deut. keram. Ges., 14 [12], 519-30 (1933).— 
An apparatus for the determination of average pore size 
and the amount of large pores is described and some re- 
sults of measurements on refractory materials are given. 

E.J.V. 

Measurement of permeability of porous media. R. D. 
Wyckorr, H. G. Botrset, M. Muskat, AND D. W. REED. 
Bull. Amer. Assn. Petroleum Geol., 18 [2], 161-90 (1934).— 
A detailed technique is described for the measurement of 
porous media by the use of either liquids or gases. Deriva- 
tions of the formulas are given by which permeability may 
be computed from laboratory measurements. A con- 
venient permeability unit, the darcy, is defined. Field 
measurements on the effective permeability of under- 
ground sands are discussed and appropriate formulas are 
derived, including expressions for liquid, gas, and gravity 
flows and composite artesian and gravity flows in steady 
state. Correction curves are given where the wells do not 
completely penetrate the producing sands. G.M.H. 

Physical properties of platinum-rhodium alloys. J. S. 
Acxen. Bur. Stand. Jour. Research, 12 [2], 249-58 
(1934); R.P. 249.—A series of platinum-rhodium alloys 
containing approximately 10, 20, 40, 60, and 80% rhodium 
was prepared from pure platinum and pure rhodium. The 
melting point, hardness, density, electrical resistivity, 
temperature, coefficient of resistance, and thermal electro- 
motive force against platinum were determined for each 
alloy. R.A.H. 

Notes on heat-resisting metals. N. Jour. 
Soc. Glass Tech., 17 [68], 366-77 (1933).—The paper 
deals with developments and improvements in various 
metals to improve their resistance to heat. The phenome- 
non of “growth” in cast iron is briefly discussed and the 
addition of alloying elements on it is considered. Chro- 
mium is the most effective element in reducing “growth.’’ 
The influence of silicon is discussed and the good heat 
resistance of low carbon-high silicon irons described. The 
heat resistance of steel is dealt with and chromium is 
shown to be the most effective element in reducing cor- 
rosion at high temperatures under both oxidizing and 
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sulfurizing conditions. The utility of the chromium- 
nickel austenitic steels is referred to and, particularly, the 
benefit conferred by the addition to the 18/8 type of 
titanium. The extreme susceptibility of the nichrome 
class of alloy to gases containing sulfur is shown, and the 
effect of the addition of aluminium to these alloys is 
dealt with. Experimental results are quoted, showing the 
great increase in resistance to sulfur-containing gases ob- 
tained when aluminium is added to the nichrome class 
of alloy. A.J.M. 
Heat-resisting chromium-nickel-iron alloys for furnace 
construction. ANoNn. Melallurgia, 9 [49], 6 (1933).— 
This is a discussion of a paper by L. J. Stanberry (Ceram. 
Abs., 13 [3], 67 (1934)). M.V.K. 
Maximum capacity of heating elements. K.MerrTENS. 
Elektrowdrme, 3 [12], 364-65 (1933).—The calculation of 
dimensions of heating elements is explained. Charts are 
given for current, voltage, diameter of elements as a 
function of the temperature, and calories required in the 
furnace. M.H. 
Resistance alloy for temperatures up to 1300°C. 
A. GRUNERT, W. HESSENBRUCH, AND K. Rur._ Elektro- 
warme, 3 [7a], 208-12 (1933).—The new resistance ele- 
ment is based on Cr-Fe alloys in which the Fe used is pure 
and free of C; the material under the name ‘‘Megapyr”’ 
is composed of 65% Fe, 30 Cr, and 5 Al; it is very re- 
sistant to S-containing furnace gases; its specific gravity 
is 7.1 g./cm.* as against 8.4 for Cr-Ni alloys. Permissible 
load in watts per cm.? surface is considerably higher than 
for Cr-Ni and at 1350°C is still 0.5 where the other can no 
longer be used. A description of the handling and form- 
ing of heating spirals is given. Bibliography. See also 
Ceram. Abs., 12 [10-11], 389-90 (1933). M.H. 
Effect of de-airing stiff-mud clay bodies by evacuation. 
J. W. Axam. Jour. Can. Ceram. Soc., 2, 18 (1933).— 
This is the original reference; for abstract see Ceram. Abs., 
13 [4], 89 (1934). J.G.P. 
New kick wheel for potters. S.C. Srirtman. Ceram. 
Ind., 22 [3], 166 (1934)—The Alfred potter’s wheel is 
built on a sturdy wooden frame, is very compact, weighs 
only a little over 100 Ib., is readily portable, and is operated 
by means of gears driven by a foot pedal. E.J.V. 
A boiler-house Orsat set. Kart Munzer. Eng. 
Progress, 15 [1], 4-5 (1934).—The construction and use 
of a particularly rugged gas analysis set designed for 
plant use is described. Illustrated. J.L.G. 
New optical pyrometer. Pyrometric INSTRUMENT 
Co. Better Enameling, 5 [2], 27 (1934); Fuels & Fur., 
12 [1], 31 (1934).—A new self-contained optical pyrometer 
is announced with three separate direct-reading scales, 
1400 to 2000°F, 1800 to 3400°F, and 2200 to 3600°F. 
Illustrated. E.J.V. 
Simplification of machinery effects savings in silica 
plant. E. M. Unperwoop. Pit & Quarry, 26 [8], 
26-27 (1934).—A continuous feed and discharge ball mill, 
Silex-lined, in closed circuit with an air separator has re- 
placed numerous batch mills for grinding silica at the 
Potters Mining & Milling Co., East Liverpool, Ohio. 
A detailed description of the plant equipment and its 
operation is given. Illustrated. E.J.V. 
Laboratory apparatus for the mechanical sampling of 
coal. A. Dawe AND N. M. Portrer. Fuel Sci. Practice, 


12 [9], 313-19 (1933).—A “Cascade” sampler is described 
which automatically mixes, cones, and divides coal into a 


number of true samples. Illustrated. F.G.H. 
Grinding rolls os. dry pans. D. A. Moutton. Brick 
Clay Rec., 84 (2), 50-51 (1934). E.J.V. 


Methods of preparing clay. ©. Lernagr. Tonind.- 
Ztg., 57 [83], 978-79 (1933).—This paper deals mainly 
with the construction of crushing mills and extruding 
machines used in manufacturing common brick and tile. 
It is proposed to replace the auger by several rolls of 
special shape. W.M.C. 

Study of crushing brittle solids. W. F. Carey anp 
C. H. Bosanguer. Jour. Soc. Glass Tech., 17 [68], 384- 
410 (1933).—-Under free crushing conditions, whether the 
load be applied by simple crushing, shear, or impact, it is 
found that homogeneous brittle solids break down with 
a constant fracture pattern which is independent of the 
size of the original specimen. This law must be interpreted 
statistically, since wide variations will be found in the be- 
havior of individual particles. It thus appears that the 
minimum work required to crush a powder depends on the 
product of (1) the constant for the material, (2) the weight 
of the material crushed, (3) the logarithm of the total 


the mean original size 
. To crush coal 


mean reduction = log: . 
the mean final size 


and anhydrite through a 10:1 reduction ratio involves an 
energy consumption of 0.05 and 0.15 kw.-hr./T., respec- 
tively. Material of '/;-in. size crushed to 200-mesh in- 
volves a mean reduction ratio of about 100:1, and the 
work necessary is thus 0.1 kw.-hr./T. for coal and 0.3 
kw.-hr./T. for anhydrite. Values of a similar order have 
been obtained for other materials, and indicate that in- 
dustrial crushing requires about 100 times as much energy 
as that theoretically necessary. This means that the in- 
dustrial methods of crushing are very wasteful in energy 
compared with the process adopted by a laborer crushing 
stones. Industrially this information is perhaps of little 
value, but it gives a basis on which to define the efficiency 
of other grinding processes in which the loading con- 
ditions of the individual particles are difficult to define. 
A.J.M. 
Laboratory type of electric muffle furnace. CooLry 
Evecrric Furnace Co. Fuels & Fur., 12 [1], 32 (1934). 
Among uses for these furnaces are experimental testing, 
enameling, and fusions. E.J.V. 
High-frequency induction furnaces for melting. H 
A EG Mitt., pp. 111-15 (1933).—The operating 
principles of industrial induction furnaces are described 
Data are given for the selection of a suitable frequency. 
For a power consumption below 40 kw. 10,000 to 20,000 
cycles per second are recommended; for furnaces operating 
above 300 kw., 350 to 1000 cycles. Frequency deter- 
mines the type of motor-generator set to be used. Con- 
struction details of the furnace proper are discussed and 
typical condenser and switchboard arrangements illus- 
trated. (C.A.) 
Investigation into stock brick drying. ANon. Brit. 
Clayworker, 42 [502], 325-26 (1934).—The successful ap- 
plication to plant practice of laboratory results obtained 
on a difficult drying clay by the Bodin Gaillard apparatus 
is discussed. R.A.H. 
Investigations on an artificial drying installation for 
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brick. E. Scnonporrr. Tonind.-Zig., 58 [9], 96-101 
(1934).—An account of experiments on the artificial 
drying of brick is given. Diagrams illustrate the paper. 
M.V.K. 
Losses in drying and firing brick and tile. B. HELAN. 
Stavivo, p. 126 (1933).—To evaporate 1 kg. of water in 
the drier in practice, 900 to 1500 cal. are needed. That 
means that for drying 1000 brick of 290 x 140 x 65 mm. 
0.9 to 1.5 million calories (200 to 300 kg. of bituminous 
coal or 150 to 250 kg. of coal high in carbon) are necessary. 
To evaporate 1 kg. of water from the ware in sheds 600 
m * of air are needed. If drying on the kiln 100 m.®*, in 
driers about 30 m.', and in driers with multiple air heating 
20 m.* or less are needed. Low drier output is often caused 
by insufficient air circulation. R.B. 
New device for drying structural clay products. A. 
MarSALEK. Sitavivo, p. 36 (1933).—The driers used at 
Flensburg, Celle, and other German plants are described. 
Several chambers are built to form an annular drier and 
the ware is dried with warm, moist air at the beginning and 
with hot, dry air at the end of the operation. Illustrated. 
R.B. 


Experiences from drier practice. Joser POsSNER. 
Stavivo, p. 124 (1933).—Driers with multiple heating of 
the circulating air give products of better quality and have 
a three-fold output. R.B. 
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Correction Tables for Use with Platinum Resistance 
Thermometers. G. S. CALLENDAR AND F. E. Hoare. 
Longmans, Green and Co., New York, 1933. 12 pp. 
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Apparatus for producing rock wool products. E. R. 
Powe tt (Banner Rock Corp.). U.S. 1,948,395, Feb. 20, 
1934. 

New drying device for structural brick and tile. JosEFr 
PéssNER. Czechoslo. 40,911; Stavivo, p. 68 (1933).— 
This drier uses multiple heating of the drying air. The 
same air is circulated through the drier in a constant 
quantity, this air being heated moderately and continuofisly 
and transmitting the heat immediately to the goods. As 
only small quantities of air leave the system, only small 
amounts of heat can be lost. This is the device’s ad- 
vantage when compared with any drier with single air 
heating. Another disadvantage of these drier systems 
with single heating of air is the large power consumption 
of the fan if the systems are operated at lower tempera- 
tures than those for which they are computed. To main- 
tain the output at lower temperatures the number of 
revolutions of the fans must be proportionally increased. 

R.B. 

Firing and drying heavy clay products. Frantisek 
Bezinek. Czechoslo. P-7172, Sept. 16, 1930; Cement a 
beton, p. 22 (1933).—In the kiln room a partition is erected. 
The ware is set around this partition and finally covered 
so as to allow the waste gases to pass over it. R.B. 

High-temperature electric furnace. GoTTHARDWERKE 
A.-G. FUR ELEKTROCHEMISCHE INDUSTRIE AND ARTURO 
Pao.tonrt. Swiss 161,514, July 17, 1933. An electric 
furnace for temperatures of 1400 to 1900° is described. 
The chambers are built of SiC. (C.A.) 


Kilns, Furnaces, Fuels, and Combustion 


Electric heating in the glass and ceramic industries. 
Knoops. Elektrowirme, 3 [8], 249-50 (1933).—The 
development and present designs of kilns, muffles, and 
glazing and enameling furnaces with electric heating are 
reviewed and operating data are given. An annealing 
furnace for bottles, with a width of 1.3 m., height 0.6 m., 
and length 30 m., requires 17 kw.-hr. per ton for 500 kg. 
material per hr. if the material enters the furnace at 500° C. 
The following energy consumptions are given: for an- 
nealing glass dishes 50 to 55 kw.-hr./ton, milk bottles 
41 to 42, and mineral water bottles 15 to 18. Firing 
colors on china dishes requires about 0.4 to 0.5 kw.-hr. per 
kg. for a furnace capacity of 2000 to 3000 dozen plates per 
day. M.H. 

Firing brick and tile in annular kiln. A. Cumevicex. 
Stavivo, p. 167 (1933).—The mechanical stoker ‘Palié’’ 
invented by Chmeliéek is described. Its advantages are 
simple maintenance and low power consumption. [II- 
lustrated. R.B. 

The flame and the firing of tank furnaces. ANON. 
Verre & Silicates Ind., 5 [1], 6-8 (1934).—After a theo- 
retical discussion of the process of combustion and the 
exchange of calories between the flame and the glass tank, 
practical considerations for obtaining best results are 
enumerated, viz., the flame must be long, hot, well sup- 


plied, and constant and must have a considerable capa- 
bility of emission. The loss in calories due to smoke must 
be reduced to a minimum. M.V.K. 
Recuperation for industrial furnaces. S. N. BrRaysHaw. 
Mech. World, 93 [2413], 317-19 (1933).—It is not economi- 
cal to recover all the heat from flue gases, since it is cheaper 
to use some of the heat to create draft than to install a 
fan for removing cooled gas. Size of the recuperator is 
important, since the larger the recuperator the more heat 
intended for recovery will be dissipated. Illustrated. 
E.J.V. 
Heat losses from industrial furmaces. S. N. Bray- 
sHaw. Mech. World, 93 [2412], 286-87 (1933).—Smooti- 
ness of the outer surface retards radiation but increases 
loss by convection. Radiation is not affected by the posi- 
tion of the surface, but the loss by convection is much 
greater on a horizontal surface facing upward than on a 
similar- surface facing downward. Convection currents 
can be interrupted by a suitable arrangement of the fur- 
nace framing, but this may increase radiation surface. 
Illustrated. E.J.V. 
Modern resistance furnaces in industry. E. Scumurpr. 
AEG Mitt., pp. 116-22 (1933).—Uniform heat distri- 
bution, accurate temperature control without time lag, 
a minimum of supervision, close control of atmospheric 
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conditions and a long life are advantages of modern re- 
sistance furnaces which should be included in consideration 
of their operating costs. Various types of resistance fur- 
naces are described and examples are given for the practical 
application of each type. (C.A.) 
Lighting the fires in annular kiln perilous. A. Cumeci- 
€ex. Stavivo, p. 219 (1933).—When the fires in ceramic 
kilns are lighted deadly carbon monoxide gas may form. 
C. describes fatal accidents resulting from this gas for- 
mation. R.B. 
Steam-atomizing burner. ANon. Iron Age, 132 [4], 
27 (1933).—A new steam-atomizing burner is described 
designed to handle fuels such as heavy oil, tar, pitch, 
and cold sludge. AK. 
Tests on stack masonry constructed of wedge-shaped 
brick. Fr. KLoxner. Siavivo, p.138 (1933).—Calculations 
of stack constructions are published. Illustrated. R.B. 
Determining heating values of fuels from elementary 
analyses. Fritz Scuuster. Brennstoff-Chemie, 15 [3], 
45-46 (1934).—The heat value formula of Grumell and 
Davies (Ceram. Abs., 13 [4], 97 (1934)) gives good re- 
sults for only a limited group of fuels, but is not generally 
applicable. It is surpassed by older equations (Vondracek, 
Schuster) and by three new formulas in accuracy and in 
range of applicability. E.J.V. 
Progress in fuels. T. A. MANGELSDORF AND F. B. 
BrouGHTon. Fuels & Steam Power, 55, No. 1 (1933); 
abstracted in Mech. Eng., 55 [10], 644 (1933).—This re- 
port covers fuels and fuel utilization, natural fuel produc- 
tion, coal carbonization and gas manufacture, industrial 
furnaces and kilns, and smoke and dust abatement. 
Many references and a supplementary bibliography are 
given. F.G.H. 
Petrographic and chemical investigations relating to the 
origin of coal. E. Bert anp H. Kerrier. Liebigs Ann. 
Chem., 501, 84-106 (1933); abstracted in Fuel Sci. Prac- 
tice, 12 [9], 325 (1933). F.G.H. 
Characteristics of pulverized fuels. H. Heywoop. 
Jour. Inst. Fuel, 6 [4], 241 (1933); abstracted in Fuel 
Sct. Practice, 12 [7], 254 (1933). F.G.H. 
Rational examination of coal. W. Francis. Jour. 
Inst. Fuel, 6 [6], 301 (1933); abstracted in Fuel Sci. Prac- 
tice, 12 [8], 289 (1933). F.G.H. 
Tube method for determining the fusion temperature 
of coalash. A. Dawe. Fuel Sci. Practice, 12 [8], 271-75 
(1933).—Illustrated. F.G.H. 
Determination of ash in washed coal. T. Horrucuat. 
Jour. Fuel Soc. [Japan], 12 [6], 72 (1933); abstracted in 
Fuel Sci. Practice, 12 [8], 290 (1933). F.G.H. 


Removal of acid-sulfur compounds from combustion 
gases. D. Brownie. Steam Engr., 2 [9], 517 (1933); 
abstracted in Fuel Sci. Practice, 12 [10], 361 (1933). 

F.G.H. 

Measurement of the true gas temperatures. S. UcnIpA. 
Jour. Fuel Soc. [Japan], 12 [8], 97 (1933); abstracted in 
Fuel Sci. Practice, 12 [10], 362 (1933). F.G.H. 

Rate of reduction of carbon dioxide by graphite. M. A. 
Mayers. Jour. Amer. Chem. Soc., 56 [1], 70-76 (1934). 

F.G.H. 
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British Standard Specification for the Sampling and 
Analysis of Coke, No. 496, July, 1933. Bririsn STanp- 
ARDS INsTITUTION. Price 2s. Fuel Sci. Practice, 12 [8], 
290 (1933). F.G.H. 
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Kiln apparatus. J. J. Scumupt (Frederick Iron and 
Steel Co.). U. S. 1,947,496, Feb. 20, 1934. In combi- 
nation, a kiln has a plurality of combustion chambers, a 
plurality of groups of automatic firing means for co- 
operating with selected groups of combustion chambers, 
each combustion chamber having fuel- and air-intake con- 
nection and each firing means having fuel- and air-dis- 
charge connections for detachable connection with the in- 
take connections of the combustion chambers, and means 
for progressively shifting the groups of firing means along 
the kiln from one group of combustion chambers to an- 
other. 

Method and kiln for producing refractory brick. A. B. 
Acnew. U. S. 1,950,375, March 13, 1934. 

Tunnel kiln. VActav Veserix. Czechoslo. P-9792- 
30, Dec. 18, 1930; Stavivo, p. 150 (1933).—A drying 
chamber is separated from the kiln by a door and a cooling 
zone. R.B. 

Tunnel kiln. Ho.pincces. FUR KERAMISCHE WERTE. 
Czechoslo. Pat. application, Jan. 27, 1931.—-The kiln has 
shaft furnaces even in the preheating zone. R.B. 

Tunnel kiln. JoserH Danrecs (Heinrich Koppers 
A.-G.). Ger. 573,854, April 6, 1933; addition to 509,787, 
Ceram. Abs., 10 [5], 379 (1931). (C.A.) 

Kilns. Franz Sxaupy. Ger. 574,717, April 19, 1933. 
High-temperature kilns, furnaces, etc., are coated with a 
mixture of granular Al,O,;, MgO, and ZrO, to prevent loss 
of heat by radiation. (C.A.) 

Gas-heated tunnel kiln. C. Orro & Co. Ges. Ger. 
579,358, June 24, 1933. Details are given of a burner to 
which weak heating gas or strong gas diluted with com- 
bustion gases can be supplied at will. (C.A). 


Geology 


Chemical composition of the earth. C.J. van NIEUWEN- 
BuRG. Chem. Weekblad, 30 [15], 278-80 (1933).—The 
distribution of elements in the earth’s crust is given as con- 
sisting to 99.7% of O (0.5%), Si, Al, Fe, Ca, Na, K, Mg, 
H, Ti, Cl, P (0.001%) in the order named, and the re- 
mainder of the other elements from Mn (9 X 107*%) to 
Ra (1 X 107%). M.H. 

Formulas for calculating stratigraphic thickness exposed 
between two dips. E. L. Ickes. Bull. Amer. Assn. 
Petroleum Geol., 18 [1], 139-42 (1934). G.M.H. 
Employing lestivarite, plagioclasite, and porphyry in 


ceramic products. V. T. Popova. Keram. i Steklo, 9 
[10], 20-23 (1933).—P. gives an account of investigations 
made on lestivarite, plagioclasite, and porphyry with re- 
gard to their use in the production of ceramic ware and 
comparative tests of mixes containing these materials 
with those containing potassium feldspar. All mixes have 
approximately the same shrinkage. Feldspar mixes sinter 
more rapidly than plagioclasite mixes, but lestivarite 
mixes sinter sooner than feldspar mixes; the sintering of 
porphyry mixes is similar to that of those containing feld- 
spar. The resistance to breaking and thermal resistance 
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are the same. The deformation of lestivarite mixes is 
greater than that of feldspar mixes; it is lower in porphyry 
mixes when they are fired to cones 11, 13, and 14. _Lesti- 
varite and porphyry bodies have a grayish or yellowish 
color depending on the atmosphere and firing temperature ; 
plagioclasite bodies are white. Lestivarite glazes have a 
lower fusing temperature than feldspar glazes. The com- 
position of plagioclasite, lestivarite, and porphyry glazes 
is given. M.V.K. 
Composition of dolomite. E.Onorato. Periodico min- 
eral., 1, 216-20(1930); Neues Jahrb. Mineral. Geol. [Refer- 
ate I], 222 (1932).—Dolemite is a definite double com- 
pound, CaCO;-MgCO,, as shown by crystal-structure data. 
(C.A.) 
Crystal structure of silicates. E. Scnresoip. Ergeb- 
nisse exakt. Naturw., 11, 352-434 (1932).—Mineralogical 
relationships of structural types are considered. The 
structures and physical constants of the most important 
rock-forming silicates are tabulated. (C.A.) 
Difference between a mica and a clay as to the orienta- 
tion of crystals depositing on them. L. Rover. Compt. 
rend., 196, 552-54 (1933).—The parameters of the micas, 
clays, etc., are approximately the same as shown by X- 
rays. The geometric relations are the same, but the physi- 
cal conditions are different. The micas, hard micas, and 
chlorides are made up of parallel layers (001), each being 
charged negatively. In talc, kaolin, and pyrophyllite, 
the plates are neutral. Two factors in the mutual orienta- 
tion are important, the geometric distribution of the lines 
or nodes in the lattice, and the polarity of the particles. 
(C.A.) 
Titanium and zirconium. F.H.Driccs. Mineral Ind., 
41, 517-24 (19382)——-The Ti industry gained in 1932. 
Technology and consumption are discussed. (C.A.) 
Chemical analysis of clays with special reference to 
clay fractions of soils. R.C. Groves. Jour. Agric. Sci., 
23, 519-26 (1933).—Decomposition of clays with a mixture 
of HCl, HNO, and H,SO, for the determination of SiO, 
yields results in close agreement with those obtained by 
the customary Na,CO; fusion (A) process. In a few ex- 
ceptional cases treatment with HF reveals the presence of 
foreign matter in the SiO, residue. Such samples must 
be analyzed by method A. In the acid extract of clay, 
Fe and Ti may be determined by the cupferron method. 
(B.C.A.) 
Fixation of silica by colloidal clay. A. DEMOLON AND 
E. BastisseE. Ann. agron., 3, 83-90 (1933).—Clay, de- 
pending on its colloidal nature, may fix the silicic ion 
from soluble silicates under moisture conditions preclud- 
ing the precipitation of silica as a hydrogel. The fixation 
of 2 ions of an alkaline silicate is effected independently. 
The amount of silica and the adsorptive capacity of the 
clay are proportional. Diminution of hydration and feeble 
acidity destroy the complex. 
Use of Wolf’s centrifuge in the mechanical analysis of 
soils. E. Pryrot. Ann. chim. Appl., 23, 435-38 
(1933).—As used by Wolf, Schlatter, and Jung, this 
centrifuge gives erroneous results. A modified procedure 
is described. (B.C.A.) 


Development possibilities along Tennessee and Tom- 
bigbee Rivers. Manufacturers Rec., 
103 [3], 64 (1934).—The abundance of bauxite, high- 
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grade kaolin and plastic clays, and outcropping of gypsum 
in the Tenn. Valley are cited as possibilities of the develop- 
ment of mineral resources. E.J.V. 
Evaluation of sand deposits. E. Wayne GALLIHER. 
Rock Prod., 37 [3], 50-51 (1934).—The mineral examina- 
tion of a sand is an essential factor in the evaluation of the 
deposit. Calif. sands often contain compound mineral 
grains which must be removed by grinding, magnetic sepa- 
ration, and flotation methods to make them available as 
glass sands. Several problems are being solved by the 
application of mineralogy to sand technology. Illustrated. 
E.J.V. 
Feldspar. Hucu S. Spence. Jour. Can. Ceram. Soc., 
2, 62 (1933).—Statistics on world production and con- 
sumption in Canada are given. The feldspar mines of 
Canada are described and the details of milling practice 
are discussed together with quality standards. J.G.P. 
Origin of surface clays of southern Ontario. J. F. 
Wricut. Jour. Can. Ceram. Soc., 2, 61 (1933). 
J.G.P. 
Quartzite from Nova Scotia. L. H. Core anp J. F. 
McManon. Jour. Can. Ceram. Soc., 2, 64 (1933).—A 
deposit of quartzite from Sunnybrae, Nova Scotia, was 
sampled and tested as a possible raw material for the 
manufacture of silica brick. Although this material is 
not so high in silica as is desirable and although high in 
alumina, it converts readily to cristobalite and could be 
used for the manufacture of silica brick. J.G.P. 
Possible industrial application for bentonite. Hucn 
S. SPENCE AND MARGARET Licut. Jour. Can. Ceram. Soc., 
2, 63 (1933)—This report supplements Mines Branch 
Rept., No. 626, on this subject which was published in 
1924 and includes new information. J.G.P. 
Canada’s mineral industry has bright outlook. W. A. 
Gorpon. Can. Mining Jour., 55 [2], 45-46 (1934). 
G.M.H. 
Facts and figures from Canadian mines in 1933. W.H. 
Loser. Can. Mining Jour., 55 [2], 49-54 (1934). 
G.M.H. 
Review of the mineral industry of British Columbia in 
1933. H.G.Nicnors. Can. Mining Jour., 55 68-73 
(1934). G.M.H. 
Quebec’s mineral industry during 1933. A. O. Dvu- 
FRESNE. Can. Mining Jour., 55 (2), 63-65 (1934). 
G.M.H. 
Corundum deposits of the Kazakian Steppe (Semiz- 
Bugu and Kalak-tas). M. Rusakov AND N. NAKOVNIK. 
Trans. Geol. Prospecting Service U.S.S.R., 87, 1-43 (1932); 
Neues Jahrb. Mineral. Geol. [Referate 2], 469-70 (1932).— 
Analyses of corundum-rich rocks are included. (C.A.) 
Occurrente in situ of corundum-bearing rocks in British 
Malaya. E. S. Wusourn. De Mijning, 12, 170-76 
(1931); Neues Jahrb. Mineral. Geol. [Referate 2], 468- 
69 (1932).—Analyses of corundum-rich masses are given. 
(C.A.) 
Utilization of rocks and minerals of Austria. B. Gra- 
nIcGG. Montan. Rumndschau, 24 [20], 7-9 (1932).—Mag- 
netic treatment of various. feldspar-containing rocks re- 
duces the Fe,O; content to 0.4% or less. The nonmagnetic 
residue is suitable for use in the manufacture of ceramics. 
See also Ceram. Abs., 11 [8], 448 (1932). (C.A.) 
Notes on refractory clays of the Andenne basin. A. 
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Crausset. Verre & Silicates Ind., § {1}, 2-6 (1934).— 
After discussing the composition and properties of refrac- 
tory clays of the Andenne basin, C. describes experiments 
dealing with (1) their plasticity, (2) shrinkage and density, 
(3) cohesion after firing, and (4) temperature of softening 
and failure under load. M.V.K. 
Popasnyanskii lay. V. V. GoNCHAROV AND R. KAsz- 
TELYAN. Keram. i Steklo, 9 [10], 17-19 (1933).—Details 
on the ceramic properties and chemical composition and 
tests made with Popasnyanskil clays are given. The clay 
has a high silica and alkali content and low loss on ignition. 
The contents in SO; and Fe,O; are low. M.V.K. 
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Determination of Feldspars in Thin Sections. Kar 
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Note on phase equilibria in the system Na,OQ-TiO. 
EpWARD W. WASHBURN AND ELMER N. Buntinc. Bur. 
Stand. Jour. Research, 12 [2], 239 (1934); R.P. 648.—The 
following compounds are formed in the binary system 
Na,O-TiO,: Na:TiO; melting at 1030°C, Na,Ti,O; melt- 
ing at 985°C, and NasTi,O; melting at 1128°C. 

R.A.H. 

Sedimentation method for determining the particle size 
of finely divided materials. Dana L. Bisnop. Bur. 
Stand. Jour. Research, 12 (2), 173-83 (1934); R.P. 642.— 
B. reports a comparison between a sedimentation method 
of determining particle-size distribution and a microscopic 
method and some data on hydrated lime. Glass spherules 
were prepared from Pyrex brand glass and fractionated so 
that most of the particles had a diameter within 2 microns 
of the average diameter of the fraction. These particles 
were then dispersed in a liquid and weighed as they settled 
out of the suspension with an automatic weighing device. 
From this sedimentation record the particle-size distribu- 
tion was calculated. The same sample was used to deter- 
mine the particle-size distribution by measuring the di- 
ameters of several hundred particles with a microscope. 
The microscopic and sedimentation measurements showed 
similarly shaped distribution curves but there was some 
variation between them. R.A.H. 

Microscopic and chemical investigation of two clays. 
F. K. Scuttnz. Chem. Erde, 8, 167-85 (1933).—A di- 
luvial and a tertiary clay were separated by settling in 
water into 1, 1 to 5.5, 5.5 to 12, 12 to 30, and 30, fractions. 
These were examined microscopically, the percentage of 
each mineral was estimated, and the fractions were ana- 
lyzed. Quartz and feldspar increased with increasing par- 
ticle size, while muscovite decreased. Chemically, SiO,, 
CaO, Na,O, KO, and CO, increased, while’ Al,O; and H,O 
decreased. (C.A.) 

Physical properties of colloidal clays. C. LA RoTonpa. 
Z. Pflanzenerniahr. Diingung Bodenk., 30A, 269-84 (1933). 
Three colloidal clays were examined for reaction, viscosity 
conductance, and coagulation in the presence of varying 
amounts of alkalis. The relative action of the alkalis when 
used as dispersing agents was NaOH > KOH > NH,OH 
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Cuuposa. Translated by W.Q. Kennedy. Thomas Mur- 
by and Co., London. 6s 6d, net. Reviewed in Can. 
Mining Jour., 55 (2), 89 (1934). G.M.H. 
Chromite deposits of the eastern townships of the 
province of Quebec. Berrtranp T. Denis. Ann. Rept. 
Quebec Bur. Mines [Part D], 106 pp. (1931).—The chemi- 
cal composition and mode of origin of Quebec chromite 
are discussed. Chromite was a primary constituent of 
the magma and accumulated by crystal settling. During 
final consolidation some of the chromite was redistributed 
by solution and redeposition, but this was of little impor- 
tance in ore formation. (C.A.) 
Abstracts of current articles on geophysical prospect'ng. 
F. W. Lez. Bur. Mines Periodical Service Rept., GA 56, 
28 pp. 10¢. See also Ceram. Abs., 13 [4], 100 (1934) 
R.A.H 


and Physics 


> Ca(OH), > Ba(OH):. A pu of 7 was obtained with 10 
milliequivalents of NaOH, about 14 milliequivalents of 
KOH, 16 of Ca(OH)s, and 17 of Ba(OH),. The relative 
viscosity of a Hangelar clay was decreased from 1.081 
to 1.051 with increased amounts of NaOH up to 10 milli- 
equivalents, after which it increased to 1.082 with 20 milli- 
equivalents. (C.A.) 
Influence of anions on the flocculation of colloidal 
white clay by potassium salts. A. DeMmMoLon anp E. 
Bastisse. Compt. rend., 195, 790-92 (1932).—K_ phos- 
phate, arsenate, molybdate, ferrocyanide, borate, silicate, 
citrate, tartrate, etc., raise the flocculation values at con- 
stant fx. An optimum peptizing OH-ion concentration 
exists. It depends on the base used. Kaolin shows no 
such optimum value. Fe,O; increases the flocculation 
threshold value. The clay is always negatively charged. 
(C.A.) 
Combination of calcium in the system lime-titanium 
dioxide and in lime-silicon dioxide-titanium dioxide. 
IstpRO PARGA-PONDAL AND KARL Bercr. Anales soc. 
espai. fis. quim., 31, 623-37 (1933).—In the system CaO- 
TiO,, if CaO is present in sufficient quantity or in excess, 
CaO-TiO, forms up to 1300°, but at 1400° 3CaO - TiO, is 
formed. Melting corresponding raw mixtures in the oxy- 
acetylene flame indicates the existence of titanates rich in 
CaO. In the system CaO-SiO,-TiO,:, with gradual sub- 
stitution of SiO, by TiO, the CaO combination at first 
rises, then falls. At low temperatures and low TiO, con- 
tents the CaO combination is facilitated. There is no 
evidence of formation of double compounds between Ca sili- 
cates and Ca titanates. (C.A.) 
Gelation of silicic acid. Mata Prasap. Jour. Indian 
Chem. Soc. (Prafulla Chandra Ray Commemoration Vol.), 
pp. 119-23 (1933).—-Silicic acid gels made by the action of 
an acid on Na silicate first pass through a sol stage. The 
sol particles are negative in alkaline and feebly acid solu- 
tions and positive in acid solutions. The electrolytes 
present coagulate the sol, causing increased hydration and 
increased viscosity. The setting time of the gels depends 
upon the concentration of the acid and the silica content 
of the mixture. Neutral or slightly acidic mixtures set 
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in a minimum time. Alkaline mixtures give opaque gels 
and acidic mixtures give translucent gels. Other charac- 
teristics of silicic acid gels are summarized. (C.A.) 
Viscosity of the silicic acid gel-forming mixtures. 
Mata Prasap, S. M. Menta, ANd J. B. Desar. Jour. 
Phys. Chem., 36, 1384-90 (1932).—When silicic acid gels 
form in an alkaline medium the initial rate of increase of 
viscosity is more rapid and the acceleration of increase of 
viscosity is smaller than when the gels form from the same 
concentrations of SiO, in acid media. Increase in concen- 
tration of acid decreases the rate of increase in viscosity. 
Increase in the concentration of alkali increases the rate of 
increase of viscosity. These facts may be explained by 
assuming that the initial increase in viscosity is due to 
the number of small colloidal particles formed and the 
later increase in viscosity is due to the increased hydration 
of the particles. (C.A.) 
Influence of nonelectrolytes on the viscosity of silicic 
acid gel-forming mixtures. Mata Prasap, S. M. Menta, 
AND J. B. Desar. Jour. Phys. Chem., 36, 1391-1400 
(1932).—Further experiment confirms the coagulating 
effect on alcohols of 4 and 5% SiO, in alkaline solutions. 
The alcohols used were MeOH, EtOH, and PrOH. The 
rate of increase in viscosity increases with the concentra- 
tion of alcohol. Small concentrations of alcohol in feebly 
acidic solutions also promote coagulation. The optimum 
concentration for coagulation is about 0.5 cc. of EtOH in 
40 cc. of a mixture containing 4% SiO, and 0.55 N AcOH. 
More than 2 cc. of EtOH in this mixture is protective. See 
also Ceram. Abs., 11 [7], 429 (1932). (C.A.) 
Crystallized boron. L. Hacxspmi, A. STIEBER, AND 
R. Hocart. Compt. rend., 193, 776-78 (1931).—Pure 
B was obtained by passing a high-frequency spark through 
a mixture of H; and BCI; vapor. Spectrum analysis 
showed it to be crystalline and probably of a hexagonal 
system. (C.A.) 
Recovery of potassium and aluminum salts and silicic 
acid from natural alkali-clay silicates. B. GRAnNiGG. 
Montan. Rundschau, 25 [21], 1-9 (1933).—The literature 
on methods of production of potash and Al salts is re- 
viewed, and cost calculations are made for the various raw 
materials found in quantity in various countries. 
(C.A.) 
Réle of aluminum in the chemical structure of feldspars. 
J. Martinet. Rev. gén. sci., 43, 702-705 (1932).—A dia- 
gram proposed to show the constitution of anorthite is 
similar to one suggested for quartz, but every alternate 
Si has been replaced by Al, because the mineral should be 
considered as an aluminosilicate and not as a double sili- 
cate. If only every 4th Si is replaced by Al, the charge of 
the network is only half as large and the meshes will con- 
tain univalent ions, e.g., Na, K, instead of bivalent Ca ions. 
The structure of orthoclase and albite will therefore be 
strictly comparable to that of anorthite. These diagrams 
agree with Vernadskii’s ideas regarding aluminosilicates 
and with the electronic theory of valence, and have the 
advantage of furnishing a satisfactory explanation of 
known properties of feldspars. (C.A.) 
Various methods of determination of aluminum as oxide. 
Tosn1o K6zu. Jour. Chem. Soc. Japan, 54, 653-81 
(1933).—For precipitating Al(OH); in a condition in 
which it is easily filtered and washed, the methods can be 


ranked as follows: (1) Stock’s method, adding a mixture 
of KI and KIO,, (2) Chancel’s method, adding Na;S,O; 
and then heating, (3) blowing CO, into Na aluminate, (4) 
treatment with NH; in the presence of NH,Cl, and (5) 
treatment with NH; in the presence of NH,Cl ar. Na;,B,O;. 
(C.A.) 
Thermal decomposition of natural hydroxides of alu- 
minum and of trivalent iron. A contribution tc the ques- 
tion of reactions in the solid state. HERMANN SCHWIERSCH. 
Chem. Erde, 8, 252-315 (1933).—The object of this 
work was to determine the lowest temperature at which the 
hydroxide gave off water continuously to form the oxide, 
and also to determine, by X-rays and the ns, the form of the 
oxide produced. Diaspore, orthorhombic AlO(OH), gave 
up H,O above 340° to give corundum (hexagonal Al,O,). 
Hydrargillite, Al(OH)s, started to lose H,O at about 150° to 
form béhmite, y-AlO(OH), which continued slowly to lose 
H;0 to give y-Al,O;. However, better crystallized béh- 
mite was formed by heating hydrargillite to 300° in steam 
at 22 atmospheres. This, like diaspore, only gave off 
H:O above 340°. Goethite, orthorhombic FeO(OH), 
started to lose HO about 220° to give hematite (hexagonal 
Fe,0;). Ruby-mica, y-FeO(OH), started to give off 
H:O about 195° to give y-Fe.O;, which changed to a- 
Fe,0O;. Limonite had an even lower but indefinite de- 
composition point. Numerous tables, graphs, and an ex- 
tensive bibliography are included. (C.A.) 
f-Al.O; is identical with y-Al,O; D. BErLIANKIN. 
Centr. Mineral. Geol., A, 300-302 (1933).—The physical 
constants such as density, m, and a» given by Barlett 
(Ceram. Abs., 11 [8], 468 (1932)) for the so-called ¢- 
Al,O; check those calculated for pure y-AlO;. {£-Al,O; is 
not a new form, but is merely well crystallized y-Al,Os. 
(C.A.) 
Volumetric determination of lead. A. TRAVERS AND 
Lu. Compt. rend., 196, 548-49 (1933).—By boiling a 
solution containing Pb with an excess of NaClO solution 
(Javel water) for 15 min., the Pb is converted into insolu- 
ble PbO,. By treating the washed precipitate with KCl 


‘and KI solution, the precipitate is changed to one of PbI. 


and an equivalent quantity of I; is liberated and can be 
titrated with Na,S,O; in an aliquot part of the solution. 
(C.A.) 
Volumetric determination of uranium in highly ferri- 
ferrous ores. W.R. BENNETT. Jour. Amer. Chem. Soc., 
56 [2], 277-80 (1934). F.G.H. 
A study of Penfield’s method for quantitative deter- 
mination of fluorine. O. KALLAUNER AND K. Kuras. 
Stavivo, p. 65 (1933).—The Penfield-Treadwell-Koch 
method for the determination of fluorine has been modi- 
fied. Into*the vessel where decomposition takes place 
dehydrated copper uranate is added to ensure complete 
binding of the water formed during the reaction. A second 
V-shaped pipe filled with glass balls is used to keep any sul- 
furic acid from the gas stream. The sensitiveness of the 
titrimetric determination has been raised by the use of 
n/50 KOH. The titration is performed in an alcoholic 
medium in the presence of an excess of potassium chloride 
using methyl-red as indicator. R.B. 
Determination of barium and of sulfates. J. C. Grn- 
LIN. Analyst, 58, 752-53 (1933).—Sodium rhodizonate, 
spotted on to filter paper, was found by Feigl (Ceram. 
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Abs., 13 [4], 103 (1934)) to give a bright red color with Ba 
salts in acid solution. A volumetric process for estimating 
Ba and sulfates is worked out. H.H.S. 
Thermal expansion of diopside. SHuKusuxé 
AND Jun-1cHI Uspa. Proc. Imp. Acad. [Tokyo], 9, 317- 
19 (1933).—The linear thermal expansion of crystals of 
diopside obtained from 4 different sources was measured in 
the temperature range 20 to 1000° along 3 different direc- 
tions parallel to 6 and to ¢ and perpendicular to (100). 
The results obtained and the calculated volume thermal ex- 
pansion are tabulated for every 50° temperature rise. The 
linear thermal expansion parallel to } is in each case about 3 
times greater than the other two, which are about equal. 
The volume thermal expansions range from 1.24 to 1.30% 
at 500° and from 1.82 to 1.95% at 1000°, compared with 
the volumes at 20°. Conclusion: Insofar as the present 
experiments are concerned, the thermal expansion of the 
diopside varieties is not much affected by variations in 
the chemical composition. (C.A.) 
Conductivity of slags in the electric furnace. Axe 
WeynartH. Arch. Ersbergbau Erzaufbereit. Metallhiit- 
tenw., 1, 191-208 (1931).-—In order of decreasing effective- 
ness, the following constituents lower the electrical con- 
ductivity of silicate slags: AlO;, CaO, SiO,. FeO, and 
MnO more strongly, raise the conductivity. With rising 
temperature conductivity increases, the coefficient being 
smaller with FeO and MnO than with CaO and AI,O; sili- 
cates. No definite relation was found between conduc- 
tivity and viscosity of the systems FeO-SiO,, FeQ—CaO- 
SiO,, and Conductivity is 
both metallic and electrolytic; the relative proportion of 
each depends upon the compositioz: of the slag. Slags from 
numerous electrothermal processes show great variation 
in composition. Energy relationships in the slag bath are 
extremely complicated, partly because of a flaming arc 
which is influenced by current density and the form of elec- 
trode, and partly because of varying temperatuzes of and 
near the electrode. Each process requires a specific volt- 
age, charge, depth of bath, and operation. (C.A.) 
Viscosity of molten slag from acid and basic open- 
hearth furnaces. T. MatsuKkawa. Swuityokai-shi, 8, 245- 
56 (1933).— The viscosity of molten slag was measured by 
a rotating cylinder method. The addition of fluorspar to 
a basic open-hearth furnace slag makes it more fluid and 
lowers the melting point about 100° by 1% of F. The vis- 
cosity of the slag in which the sum of CaO, MgO, and MnO 
is about 60% and MnO varies from 0.32 to 13.64% is 
decreased with the rise of MnO cortent, and its melting 
point is lowered. However, the increase of MgO raises 
the melting point markedly in the slag containing about 
36% of CaO-MgO. See also Ceram. Abs., 12 [9], 342 
(1933). (C.A.) 
Theory of the viscosity of liquids. I. E. N. va C. 
ANDRADE. Phil. Mag., 17, 497 (1934).—Previous investi- 
gators, basing their concepts as to the viscosity of liquids 
on gas-viscosity relationships, have been led to conclusions 
very different from the actual facts observed. The vis- 
cosity theories of gases are based on the transfer of mole- 
cules from one moving layer to another. A.’s theory for 
liquids at or near the freezing point postulates the molecu- 
lar properties of solids rather than gases similar to the 
Lindeman theory of freezing. Molecules from one moving 
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layer communicate momentum to another layer not by 
entering this layer but by contacting and joining for a 
short time at the extreme amplitude of their vibration. 
A development from this theory leads to the expression for 
viscosity in the region of the melting temperature in terms 
of the atomic weight, volume of a gram atom, Avogadro's 
number, the melting point, and a constant derived from 
the fundamental frequency. This equation allows the 
viscosity to be computed and it is shown that the computed 
values agree with the measured values for six metals to 
within the limits of the measurements. .L. 
Measurement of viscosity by oscillating columns. S. 
VENKATARAMAN. Indian Jour. Phys., 8, 25-42 (July 15, 
1933).—After reviewing the work done by previous investi- 
gators, V. deals with a new method of finding the viscosity 
of liquids by measuring photographically the damping of 
their oscillations in a tube. An expression is obtained for 
the logarithmic decrement in terms of viscosity coefficient 
and density of the liquid, radius of the tube, and the time 
of oscillation. The results obtained agree closely with 
those given in the International Critical Tables . 
(Rev. Sci. Instruments) 
Thixotropy in ceramics. S. V. Lipsxil. Keram. i 
Steklo, 9 [10], 24-26 (1933).—L. discusses the theory and 
researches dealing with thixotropy and thixotropic phe- 
nomena in colloidal systems. References are given. 
M.V.K. 
Therm! expansion of quartz by X-ray measurement. 
A. H. Jay Proc. Roy. Soc. [London], Al42, 237 (1933); 
abstracted in Sprechsaal, 66 [48], 823 (1933).—The X- 
ray method of Debye-Scherrer was used to determine the 
expansion and changes appearing in the crystal lattice of 
quartz on heating. The powder of a clear, colorless quartz 
heated from 18 to 770° was investigated, and the lattice di- 
mensions corresponding to every temperature observa- 
tion were calculated. The transformation point of a- 
to 8-quartz was observed at 579° (according to the optical 
method it is 575°). With increased temperature, a uni- 
form increase in the lattice occurs; the expansion increases 
with the approach to the transformation point. It is 
especially noticeable in the change of axial ratios. While 
the a-structure changes continuously, a state appears 
shortly before conversion at which the lattice dimensions 
show a sudden change characterized by a sudden drop in 
the values of axial ratios. This decline is ended at the 
transformation point; the changes of the 8-form are com- 
paratively small. M.V.K. 
Colorimetric determination of iron. L. Szecor AND 
B. Cassont. Giorn. chim. ind. applicata, 15 (6), 281-83 
(1933).—A method of determining the Fe content colori- 
metrically with the Pulfrich photometer is described where- 
by the conditions are maintained in such manner that the 
absorption is linear to the Fe concentration. M.H., 
Influence of iron oxide on vitrification of cerarnic clays. 
Otro Krause AND Hernricu Titze. Ber. deut. keram. 
Ges., 14 [12], 530-47 (1933).—-A study was made of five 
clays having different iron oxide contents and different 
colors to determine the change in ceramically important 
properties and structural changes. The beginning of 
vitrification was noticeable at about 700°. The progress 
of vitrification was strongly influenced by the grain size of 
the clay and by the concentration and degree of division 
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of the iron oxide. With an oxidizing atmosphere there 
was also a formation of ferrous-ferric oxide; the ferrous 
oxide portion caused a dense vitrification as a result of the 
formation of a thinly liquid flux which had a high solu- 
bility for silica. The iron-containing clays studied were 
shown by X-ray examination to consist of a glassy ground- 
mass and mullite crystals at their highest firing tempera- 
ture. Examination of the firing trials shows that the 
iron oxide hydrates give up their water on heating above 
the monohydrate and hemihydrate stage and change to 
ferric oxide. Between 600 and 900° there is a linear rela- 
tion between the optical black content of the firing trials 
and the content of soluble iron oxide at 700°. These de- 
terminations make it possible to base thereon a method 
for the rapid determination of the iron oxide content. 
Important conclusions can be drawn from the results 
obtained. See also Ceram. Abs., 13 [3], 72 (1934). 
E.J.V. 
Isotopy. A. J. G. Kapremn. Chem. Weekblad, 30 
[44], 695-707 (1933).—The nature of isotopes is explained 
and an exhaustive literary review on this subject is given. 
82 references. M.H. 
Heat capacities at low temperatures of the alkaline- 
earth carbonates. C. T. ANDERSON. Jour. Amer. 
Chem. Soc., 56 [2], 340-42 (1934).—The determination of 
the heat capacities of coarse and fine calcite, aragonite, 
strontianite, and witherite is described in detail. Illus- 
trated with curves. F.G.H. 
Picrolonic acid as reagent for sodium. Y. VoOLMAR 
AND M. LeBer. Jour. pharm. chim., 17, 427-31 (1933); 
Analyst, 58, 782 (1933).—K. salts must be removed by 
picrate or platino chloride before Na can be tested by the 
picrolonate method. H.H.S. 
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Smithsonian Physical Tables. F. E. Fow.e. Smith- 
sonian Institution, Washington, 1933. 8th revised ed. 
682 pp. The Smithsonian Physical Tables are so thor- 
oughly appreciated for reference purposes that the ap- 
pearance of this new edition will be welcomed by all 
scientific workers. The 7th edition appeared in 1919 and 
was reprinted three times. To bring the present edition 
up to date extensive revision has been made and many 
new tables have been added. (B.B.N.F.M.R.A.) 

Physico-Chemical Methods. J. Remty anv W. N. 
Rag. D. Van Nostrand Co., Inc., New York, 1933. 
$8.00. Reviewed in Jour. Amer. Chem. Soc., 56 [1], 249- 
50 (1934); see Ceram. Abs., 13 [3], 74 (1934). F.G.H. 

Outline of Physical Chemistry (Grundriss der physika- 
lischen Chemie). A. Eucxen. 4th ed. Akademische 
Verlagsgesellschaft m. b. H., Leipzig, 1933. 699 pp. 
Price 29 Rm. Reviewed in Jour. Amer. Chem. Soc., 56 
{1], 254 (1934). F.G.H. 

Introduction to Physital Chemistry. A. FInpLay. 
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Longmans, Green and Co., New York, 1933. 492 pp. 
Price $3.00. Reviewed in Jour. Amer. Chem. Soc., 56 
[1], 254 (1934). F.G.H. 
Hydrides of Boron and Silicon. A. Srocx. Cornell 
Univ. Press, Ithaca, New York, 1933. 250 pp. Price 
$2.00. Reviewed in Jour. Amer. Chem. Soc., 56 [2], 496 
(1934). F.G.H. 
Manual of Quantitative Analysis of Minerals (Manual 
de Chimie Analytique Qualitative Minérale). P. WENGER 
AND G. Gutzerr. Georg & Cie., S.A., Librairie de L’Uni- 
versité, Genéve, Switzerland, 1933. 496 pp. Reviewed 
in Jour. Amer. Chem. Soc., 56 {1}, 254 (1934). F.G.H. 
Methods of Rock Analysis (Gesteinsanalytisches Prak- 
ticum). E. Drrrter. Appendix: Control and Graphical 
Representation of Rock Analyses. A. Konier. viii + 
112 pp. Walter de Gruyter & Co., Berlin and Leipzig, 
1933. 4 Rm. Reviewed in Nature, 132 [3348], 988 
(1933).—The work deals principally with the analysis of 
silicate rocks. Both the common and the less common 
elements which may be present are considered. Fluorine 
and boric acid are included. Determination of total rare 
earths is included but their separation and individual de- 
termination is omitted. Calculations and analytical con- 
trol form the last part of the work. Distribution of acidic 
and basic oxides to various mineral constituents is con- 
sidered. Graphical methods such as Marchet’s feldspar 
triangle are included. J.L.G. 
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Sodium-sesqui-silicate and method of forming. G. W. 
Morey (Philadelphia Quartz Co.). U. S. 1,948,730, 
Feb. 27, 1934. (1) The method of producing 3Na,0-- 
2SiO,-11H;O includes preparing a solution composed of 100 
parts of Na,SiO,;-9H,0, 100 parts of NaOH, and 100 parts 
of water and subsequently effecting crystallization thereof. 
(2) A method of producing 3Na,0-SiO, in hydrated crystal- 
line form includes preparing a solution of more alkaline 
ratio than metasilicate and crystallizing. 

Water-resistant alkaline silicate compositions. L. L. 
Larson (Grasselli Chemical Co.). U. S. 1,949,914, 
March 6, 1934. (1) As an adhesive and coating composi- 
tion an aqueous solution comprises the reaction product 
obtained by mixing a solution of an alkali metal silicate 
with a metalammino salt. (2) As an adhesive and coating 
composition an aqueous solution comprises the reaction 
product obtained by mixing a solution of sodium silicate 
of a Na,O:SiO, ratio between 1:1 and 1:3.5 with a solution 
of a copperammino sulfate, the amount of copperammino 
sulfate used corresponding to 0.5 to 21% CuSO, based on 
the sodium silicate solids used. 

Production of precipitated titanic oxide. 
Lrp., I. E. WeBer, AND A. N. C. BENNETT 
Feb. 21. 1934. 


B. LAPORTE, 
Brit. 405,669, 
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Drying and firing shrinkage of clays. A. E. R. West- 


MAN. Jour. Can. Ceram. Soc., 2, 24 (1933).—The shrink- 
age of clays has been the subject of numerous researches. 
Practically all the data in literature are presented in a form 
which, while convenient for calculation, makes it difficult 


to realize the relative importance of the various factors 
which cause shrinkage. In this lecture some of the data 
available regarding three typical clays were presented in 
a form in which the volume changes on drying and firing 
could be readily visualized. It is concluded that the 
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shrinkage could be greatly reduced in the plastic process of 
manufacturing if greater density could be secured in the 
plastic state. Modern developments which have for their 
object the production of denser ware in the wet state in- 
clude (1) dry-pressing under high pressure with optimum 
water content, (2) casting by pumping slip into molds 
under high pressure, and (3) permeable pressing in which 
clay in the plastic state is subjected to mechanical pres- 
sure when in contact with water. J.G.P. 

Corrosion effects of lubricants on bearing surfaces. 
C. H. Brerpaum. TJron Age, 132 [9], 20-21 (1933).—A 
scientific article on the beneficiation of lubrication as ap- 
plied to bearings is presented. A.K. 

Symposium on building and plumbing codes. Building 
codes. Grorce N. THompson. Industrial Standardization, 
4 [10], 160-63 (1933). Plumbing code situation in the 
United States. C. Groenicer. Ilbid., pp. 
163-68. National Board of Fire Underwriters’ proposed 
uniform building code. T. Bissett. Jbid., pp. 
168-70. Building code developments on the Pacific 
Coast. Davin H. Ibid., pp. 171-73. Uni- 
form building code for municipalities of New England. 
EpwAaRD W. Roemer. Ibid., pp. 173-75. 

Outstanding developments in ceramics in 1932. J. G. 
Puiturps. Jour. Can. Ceram. Soc., 2, 8 (1933).—A résumé 
of the technological and industrial developments in ceram- 
ics during the year 1932 is given. J.G.P. 

Ceramic education: III. Ross C. Purpy. Bull. Amer. 
Ceram. Soc:, 13 [3], 57-58 (1934). 

Officers of the American Ceramic Society for 1934-1935. 
Anon. Bull. Amer. Ceram. Soc., 13 [3], 60-61 (1934). 

Report of the Committee on Data of the Refractories 
Division. Grorce J. Barr. Bull. Amer. Ceram. Soc., 
13 [3], 61 (1934). 

Report of White Wares Division Standards Committee. 
R. F. Getter. Bull. Amer. Ceram. Soc., 13 [3], 61 (1934). 

North Carolina—The feldspar state. Vicror V. Ket- 
sey. Bull. Amer. Ceram. Soc., 13 [3], 64-66 (1934). 

Report of Membership Committee of the American 
Ceramic Society for 1933. P.D. Herser. Bull. Amer. 
Ceram. Soc., 13 [3], 68 (1934). 

Report of the Committee on Ceramic Education. A. V. 
BLEININGER. Bull. Amer. Ceram. Soc., 13 [3], 69-71 
(1934). 

Collegiate ceramic education: Symposium of replies 
of ceramic educators, technologists, and engineers on this 
subject. A. F. GREAvES-WALKER, Paut E. Cox, RoBEeRt 
J. Montcomery, WALTER A. F. W. Preston, 
FRANK H. Ripp_e, Hopart M. KRANER, AND Ross C. 


Purpy. Bull. Amer. Ceram. Soc., 13 [3], 71-75 (1934). 

Necrology: Leo W. Manion. Anon. Bull. Amer. 
Ceram. Soc., 13 [3], 76 (1934). 

Necrology: Edward Wight Washburn. Anon. Bull. 
Amer. Ceram. Soc., 13 [3], 78 (1934). 

The crystalline form of alumina. G.W. Morey. Bull. 


Amer. Ceram. Soc., 13 [3], 79-80 (1934). 

Ceramic education. Eprrorrar. Ceram. Ind., 22 [3], 
137 (1934).—The implications carried in some of the 
recent published discussions on ceramic education that 
the curricula of the ceramic schools are far behind the 
times, that the graduates are not properly equipped to 
meet the needs of the industry, and that the instruction 
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received is largely irrelevant and of little value are de- 
plored. It is pointed out that one of the fundamental 
difficulties is within the industry itself. The fine records 
of the ceramic schools to date are cited, and the compara- 
tive newness of ceramic education is pointed out. E.J.V. 
Practical education for brickmakers. A. Cumericex 
AND A. KuGera. Stavivo, p. 108 (1933).—An outline of 
practical courses for the pupils of brickmakers schools. 
Emphasis is laid on practice in firing kilns. R.B. 
The Czechoslovakian Ceramic Society’s Committee on 
Nomenciature. Zprdvy Ceskoslov. keram. spolentosti, p. 
117 (1932). R.B. 
Fourth winter course for owners and technical employees 
of brickworks at Brno. Joser Maréyxa. Stavivo, p. 70 
(1933).—-The fourth course since 1928 was held at the 
State Technical University by the Society for Encourage- 
ment of the Brick Industry. R.B. 
Exposition of Haban and Slovakian ceramics. H. 
LANDSFELD. Zprdvy Ceskoslov. keram. spoletnosti, 1933; 
Stavivo, p. 229 (1933).—The exposition was arranged by 
the author for this year’s annual meeting of the Czecho- 
slovakian Ceramic Society in Slovakia. The exposition 
gives a survey of the history of Haban and Slovakian 
ceramics. More than five thousand exhibits from the 
author's excavations, consisting mainly of potter’s equip 
ment and tools were shown. The Habans produced 
Dutch stove tile as early as 1660. R.B. 
Effects of colloidal silica on experimental tuberculosis 
in guinea pigs. S. L. Cummins anp C. WEATHERALL. 
Jour. Hygiene, 33, 295 (1933).— Experiments showed that 
there was a shortening of the survival period in animals 
given tubercle bacilli along with silica sol as compared 
with animals infected with tubercle bacilli alone, but the 
difference was slight and of small significance. The 
adjuvant action of the silica sol seemed to be local and 
transitory, and any tendency to a more rapid dissemina- 
tion of bacilli appeared to be neutralized by the local 
fibrosis following the introduction of silica sol into the 
tissues. The findings agree with the fact that the tuber- 
culosis death rate in industries involving exposure to silica 
dust is high in middle age after many years of dust inhala- 
tion, and not in the early years of exposure as should be 
the case if silica determined an early generalization of 
tuberculosis infection. (T.C.S.E.) 
Silicosis compensation. I. H. D. Keser. Eng 
Mining Jour., 135 [1], 34-36 (1934).—K. discusses the 
legal or compensation features of silicosis and other pneu- 
moconioses (the inclusive medical term for diseases of the 
lungs caused by dust). The laws of various countries on 
this subject are noted, and the interpretations which have 
been put on the compensation laws of different states in 
this respect are discussed. Illustrated by X-ray photo- 


graphs. J.L.G. 
Silica content of lungs. A. F.Stappen. Lancet, 225, 
123-25 (1933); Analyst, 58, 775-76 (1933).—Analyses 


suggest that 1.6% SiO, in lungs cause so much damage to 
the pulmonary drainage system that exposure to further 
silica endangers life. H.H.S 
Silicosis in potters’ shops. F.H. Hanp. Times Eng. 
Supp., 33, 288 (1933).—The ideal floor is one which would 
prevent the accumulation of clay scraps, etc., on the walk- 
ing surface. A “grid” floor is recommended. H.H.S 
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Silicotic lungs: the minerals they contain. W. R. 
Jonss. Jour. Hygiene, 33 [3], 307 (1933); Nature, 132 
[3346], 941 (1933); Chem. Trade Jour. [London], 94 
[2436], 58 (1934); for abstract see Ceram. Abs., 13 [4], 105 
(1934). 

Protection of workers exposed to chromium and its 
compounds. MerTROPOLITAN Lire INSURANCE Co. 
Foundry, 62 (1), 62 (1934). F.G.H. 

Distilleries hold many uses for clay products. ANON. 
Brick Clay Rec., 84 [2], 60-62 (1934).—Illustrated. 

E.J.V. 


BOOKLET 


Silicosis. InpusTRIAL HEALTH SECTION, METROPOLI- 
TAN Lire InsuRANCE Company. 32 pp. The booklet 
was prepared for the information of plant superintendents 
and foremen in departments where silica dust is present. 
It suggests aids in controlling dusty processes. 


A limited 
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number of copies are available for distribution. Requests 
may be addressed to the Industrial Health Section, 
Metropolitan Life Insurance Co., 1 Madison Ave., New 
York, N. Y. The Welfare Division of the Metropolitan 
Life Insurance Company is prepared to furnish a detailed 
bibliography on silicosis. Illustrated. 
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Treatment of mineral substances. Frieprics C. 
KRUGER AND KARL RettTer. Ger. 582,369, Aug. 14, 1933. 
To remove metal-compound impurities such as Fe,O; from 
minerals such as clay, quartz, and phosphates, or to re- 
cover metal compounds from minerals, the latter are sub- 
jected to the action of high- or low-frequency induction 
current in the presence of an acid compound capable of 
dissolving the metal compounds or converting them into 
a volatile form. (C.A.) 


| 
3 
5 
ae 
> 
5 
> 
XN 


‘ » 4 
> 
+ 
~ 


